NUCLEONICS 


TECHNIQUES AND APPLICATIONS OF NUCLEAR SCIENCE AND ENGINEERING 


January, 1951 














IS THE AREA SAFE? 


You Can Be Sure 
with a 


VICTOREEN 
PROTEXIMETER 


The Proteximeter is advantageous in monitoring scattered 
x radiation or gamma rays at any location adjacent to the 
radiation source. It measures such scattering accumula- 
tively the quantity indicated visually on a calibrated meter 
scale. 

The scale is calibrated in milliroentgens with full scale 
deflection 200 milliroentgens or 0.2 r, which is more than 
the accepted value for a daily tolerance dose. The ex- 
ternally mounted ionization 

chamber is hermetically sealed. 


True, alpha particles do not 
penetrate very far . . . but they 
contaminate your laboratory just 
the same. Victoreen’s Model 356 
Alpha Meter is your answer to 
quick accurate detection and 
measurement. 


INQUIRIES INVITED. 





THE VICTOREEN INSTRUMENT CO. 
5806 HOUGH AVENUE CLEVELAND 3, OHIO 








JANUARY - 1951 


Nl (@ A OAY (Ore Vol. 8, No. 1 


Techniques and Applications of Nuclear Science and Engineering 
GLEEP: Design, Construction, and Use. 3 


F. C. W. COLMER and D. J. LITTLER 
Philosophy behind Declassification of Low-Power Reactors... 13 
J. G. BECKERLEY 


The AEC in Solid-State Metallurgy... 17 


D. W. LILLIE 


Geometrical Efficiency of End-Window G-M Counters... 24 
G. B. COOK, J. F. DUNCAN, and M. A. HEWITT 


International Commission Recommendations—Radiological Units... 28 
International Commission Recommendations—Radiological Protection... 31 


Proportional Counters—ll... 38 
SERGE A. KORFF 

Design Characteristics of Air Proportional Counters... 44 
ADDISON C, SHECKLER 

Effect of Slow Cathode Rays on Microorganisms... 50 
WALTER 8. MOOS 
Undergraduate Nuclear Engineering Curriculum 
at North Carolina State College. 
CLIFFORD K. BECK 


Radioisotopes in Pharmaceutical and Medical Studies—ill. 
D. L. TABERN, J. D. TAYLOR, and G. I. GLEASON 


Nuclear Data for Low-Power Reactors. 


NUCLEONIC EVENTS 
90 REFLECTIONS. 





KEITH HENNEY, Editor © JEROME D. LUNTZ, Executive Editor 


Ethel Pelzer, Associate Editor; C. J. Mosbacher, Jr., Asssistant Editor; S. D. Kirkpatrick, 
P. W. Swain, Consulting Editors; George B. Bryant, Jr., Gladys Montgomery, Washington 
Office; George C. Tenney, San Francisco Office; Russell F. Anderson, World News 


BUSINESS DEPT.—H. W. MATEER, Publisher; WALLACE B. BLOOD, Manager; 
D. H. Miller, J. Girdwood, New York; Wm. S. Hodgkinson, New England; Warren W. 
Shew, Philadelphia; C. D. Wardner, Chicago; J. L. Phillips, Cleveland; J. W. Otterson, 
San Francisco; Carl W. Dysinger, Los Angeles; Ralph C. Maultsby, Atlanta; J.QE. 
Blackburn, Jr., Director of Circulation 


NUCLEONICS (with which is consolidated “Atomic Power” and “Atomic Engineering’ ), January, 1951, Vol. 8, No: 
1. Publication Office: 212 East York 8t., York, Pa; Editorial and Circulation Offices: 330,W. 42nd Street, New York 18, 
N.Y Published monthly by McGraw-Hill Publishing Company, Inc. Entered as second class matter December 17 
1947, in the Post Office at York. Pa., under the act of March 3, 1879. Copyright 1951 by McGraw-Hill Publishing Com- 
pany, Inc. Allrights reserved. Curtis W. McGraw, President; Willard Chevalier, Executive Vice’ President; Joseph A 
Gerardi, Vice President and Treasurer; John J. Cooke, Secretary: Paul Montgomery, Senior Vice President, Publications 
Division: Ralph B. Smith, Editorial Direetor; Nelson Bond, Vice President and Director of Advertising; J. FE. Blackburn, 
Jr., Vice President and Director of Circulation. Allow at least ten days for change of address. All 
communications about subscriptions should be addressed to Director of Circulation. 330 West 42nd 
(ABC) Street, New York 18.N.Y¥. Price per copv $0.75. Subscription rates: United States and U.S. Posses- | p 
sions $8 for 1 year, $12 for 2 years, $16 for 3 years. Canada, $10 for | year, £16 for 2 years, $20 
for 3 years. Latin America.$15a year. All other countries, $20 « year 














A New Instrument For Industrial 
or Laboratory Use—Measures 
Milliroentgens of Gamma Radiation 





%® Completely self-contained 


% Requires no tubes or batteries—has 
unlimited life 


% Nothing to squeeze or crank. Just 
turn the instrument upside down 
and it charges itself 

% Voltage easily adjustable to proper 
value after each charging 

% Clear, easy-to-read dial indicates 
milliroentgens 


% Full scale sensitivity 20 mr 


SPECIFICATIONS AND PRICES 

available on request. Let us send you 

complete information. Write to the 

General Electric Company, Section 611, Operator presses discharge but- 

Electronics Park, Syracuse, N. Y. ton to set to zero. “Memory 
meter’ indicates radiation re- 
ceived between readings. 


Gou can foul pour confidence in 
GENERAL @@ ELECTRIC 
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GLEEP: Design, Construction, and Use 


Here is the first detailed report on the graphite low-energy 
experimental pile at Harwell, England. Written by two 
members of the Gleep research team, this article is another 
in a series solicited by NUCLEONICS on the basis of the new 
Declassification Guide approved by U. S., U. K., and Canada 


By F. C. W. COLMER and D. J. LITTLER 


{fomu 
Tue Greer is a slow-neutron reactor 
ising graphite as a moderator and 
natural uranium and uranium dioxide 
as the fissionable material. It has been 
in operation since August 15, 1947. 

It meets two main requirements: 

1. To run at as high a power as possi- 
ble without elaborate cooling arrange- 
ments. This high power was needed 
so that radioisotopes could be produced 
in Gleep until such time as the larger 
Harwell pile (Bepo) beeame divergent. 

2. To compare slow-neutron absorp- 
tion cross sections of the elements by 
the pile modulation method. 

As a later development it was found 
that 


an accurately known and reproducible 


Gleep could be used to provide 
thermal neutron flux in the range 10° to 
This flux 


activation cross sections. 


10° n/em?/see. is used to 


determine 


General Description 
The pile is built in the form of a right 
octagonal prism of graphite lying on one 
The 


reacting core is cylindrical (length 5.24 


of its sides as shown in Fig. 1. 
mn, radius 2.86 m) with the uranium 
rods lying horizontally in the form of a 
The re- 
remainder of the 
filled 


constructional 


line lattice of 744-in. pitch. 
flector forms the 


octagon: the lower corners are 


in with graphite for 
reasons only. 
The total quantity of graphite in the 


pile is 505 long tons. The graphite is 
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stacked in forty layers, each layer being 
built with graphite blocks stacked in 
such a manner as to resemble a parquet 
floor. The graphite blocks are of two 
standard types, each measuring 744 > 
7'4 X 29in. Various nonstandard and 
half blocks are incorporated, but lead- 
ing dimensions of all blocks are based 
upon the fundamental pitch unit of 
7!4 in. The edges of some blocks are 
chamfered, and grooves are cut in other 
blocks, so that a 


shaped holes with 1.85-in. sides runs 


lattice of diamond- 
through the pile from face A to face C 

The reacting core is loaded with 12 
tons of uranium metal up to a radius 
of 1.75 m; the outer region is loaded 
with 21 tons of uranium dioxide. 

The uranium metal is in the form of 
evlindrical bars 12 in. long by 0.9 in. in 
diameter. These bars are sprayed with 
aluminum 0.003 in. thick to prevent the 
escape of recoil fission products. 

The uranium dioxide is pressed to 
increase its density and is formed into 
pellets 1.60 in. in diameter and 2 in. 
long. These wrapped in 
paper containers and inserted in batches 


pellets are 


of six Into aluminum cans with walls 
0.01 in. thick. This makes a uranium 
dioxide cartridge 12 in. long by 1.62 in. 
in diameter that weighs 2.6 kg. 

There is a 3-ft air space between the 
sides of the graphite structure and the 
inside of the shield 
to the inside of the pile if the necessity 


3 


This allows access 
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FIG. 1. General arrangement of Gleep 


removal of any of the 


The 
is 5 ft thick around the sides and 

1 ft thick on the top of the pile 
On the B face of the pile 
shield which is filled by 


blocks to form a 5-ft 


cartridges concrete 


there is a 
hole mm. the 
graphite square 
thermal 


lat 


olumn 7 ft long There is a 


‘SS hole on the top if Lue pile 


ge 2c 
an additional thermal column 

can be stacked there if require d 
There is an elementary ventilation 
svstem for the pile capabl of delivering 
5,000 ft This 
ivtive argon from the pile and provides 
} 


cooling of the 


min of al removes 
uramium cartridges 
baffle on the A 


im cartridges 


SoOTnE 
The air is forced by the 


face to flow over the urani 


4 


and is extracted by a suction fan on the 
When the ai 


is on, the pressure inside the pile is 


top of the pile Sy stem 


always kept lower than atmospheric; 
this prevents leakage of radioactive air 
The 
threugh a short stack on the roof of the 
top of the stack is 60 ft 
When the air has 


le vel 


its activity is below tolerance 


into the building air is ejected 
building The 
nhove ground level 
diffused to 


building, 


ground outside the 
VY using i a1r COOLNZ system, ie 
B: tl | yst tl 

100 kw 
eflective 


pile can be run at a power of 


The Gleep has an excess 
reproduction constant of 2 * 1073 when 
all absorbers are removed from the pile 
This controlled by 


cadmium rods which move together as 
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excess } is tour 





shown in Fig. |. These four rods are 
known as the coarse control; the single 
rod shown in Fig. 1 is used as a fine 
control All the 


moved up and down by electric motors 


control rods can be 
situated on the outside of the pile and 
operated from the pile control room. 

In addition there are two sets (each 
consisting of three rods) of emergency 
shut-down rods. These cadmium rods 
are held just out of the pile, when it is 
clutches. If 


t he pile power rises above a preset level, 


operating, by magnetic 


i trip circuit cuts off the current to the 

ignetic clutches, and the emergency 
rods fall into the pile under gravity. 
On the end of a shut-down rod shaft is 
a disk keyed to the shaft and positioned 
to rotate between the poles of four elec- 
tromagnets to form an electric brake. 
As the 
position, the magnets of the brake are 
energized, and the rod 
tarded to a gentle halt. 

To indicate the position of the con- 


rods approach the ‘‘fully in” 


motion is re- 


trol rods in the pile, two servo trans- 
mitters, driven through gearing so that 
one rotates 50 times as fast as the other, 
are mounted near the drive motors. 
These transmitters are electrically con- 
nected to receivers in the control room, 
so that direct readings of the positions 
of the rods are given on two dials. By 
this means the position of the rods can 
be read with an accuracy of + 1 mm. 

The power level of the pile is meas- 
ured by six ionization chambers of 5 


liters’ volume, containing boron. tri- 
fluoride gas at a pressure of 20.7 em Hg. 
Three of 
pile control; the other three are used 
shut-down 
chambers have 


them; the 


these chambers are used for 


emergency 
mechanism. All the 
preamplifiers attached to 
main amplifiers are in the pile control 
Initially, as the pile power is 


to operate the 


room 
raised from zero, the resistor in series 
with a chamber is changed, so that the 
chamber measures all powers up to 1 
kw without any change of position. 
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The resistor can be changed by operat- 
ing a wafer switch outside the pile 
Above 1 kw the chamber is wound 
out of the pile successively to two preset 
positions, in which the neutron fluxes 
10 and 100 times lower 
at the original position. 


are factors of 
than the flux 

In this way, with only three positions 
for each chamber, six decades of pile 
will be 


power can be measured. It 


seen from Fig. 1 that there are eight 
ionization chamber holes in the pile. 
The two additional holes are 


experimental work; one of them is used 


used for 


permanently for oscillator work. 
tough measurements 


are made at four points in the pile by 


temperature 


means of resistance thermometers. 
Two of these thermometers are st rapped 
to uranium cartridges near the center of 
the pile, one is embedded in a uranium 
dioxide cartridge, and the remaining 
one is embedded in a graphite cylinder 
which has been lowered down one of 
The 
temperatures are recorded continuously 
If the tempera- 


the vertical experimental holes. 


in the control room. 
ture of the uranium exceeds 60° C, the 


pile is automatically shut down. 
Gleep has only seven experimental 


holes, details of which are as follows: 

1. Hole J/J;, running from face A to 
face C through the center of the pile, 
has a diameter of 3in. Since this hole 
is along the axis of the pile, and there- 
fore parallel to the uranium holes, it is 
used for pile oscillator work. 

2. Hole J, running from face B to 
face D through the center of the pile 
and thermal column, has a diameter 
of 3 in. 

3. Hole A, to one side of the thermal 
column, running from face B to face D, 
<x 4in. The maximum slow neu- 
tron flux in this hole at 100 kw is 
3.0 * 10" n/em?/see. This hole was 
used for the manufacture of radioiso- 
topes when Gleep first began operating 

4. Hole L,, to one side of the thermal 
column, running from face B to face D, 


5 


is 5 














This hole can be used for 
effect on the reproduction 
the pile of inserting large 
ties of material 


6. Hole 


om of the pile through the center, has a 


W, running from top to bot- 


liameter of 3 in 
6, 7. Holes X and } 
top to bottom either side of hol 
$45 in 
Although holes J J and W ail are 
stated to Pass through the center of the 
offset 


running from 
W, have 


adinmeters ot 


pile, they are in fact from each 


other by half of a lattice pite hy 


Flux Distributions 


iv be shown, on the basis of a 


sion theory for thermal neutrons, 
the thermal neutron density p in a 
found (1 


equ ition 


multiplying medium may be 

from the solution of the 
vip + £%p = 0 

Is called the Laplacian and 

V/?, where & is the 

reproduction constant for an 


sten and VJ? 


for thre 


vhere 
ed ial to ¢h l 
infinite 


is the migration area 


neutrons 
(;leep is of interest in that it has two 


which the values of £? are 


regions in 


different, namely, the metal and dioxide 


regions \’ would he expected to he 


in the dioxide region, because h 


ill be lower there on account of the 


nereased resonance capture in the 
the 


we have two dif- 


iranium due to the presence of 


oxvgen In this case 
ferential equations to solve 

Vie +f?1p =0 (1) 
V7p+222p =0 (2 
solve these equations for the 


\letal region 
Dioxide region: 
If We 


of eylindrical geometry, assuming 


svinmetry about the pile AXIS 


Metal region 


Dioxide region 


nZ 


/ 


! BS o( Ber 
) Bd 3 


in which A, B and C are arbitrary 


ne eftlective 


con- 
length of the 
etlec- 


is the 


in the metal region, 
length of the pile 
Z is distance 


from the center ot the pile a 


in the dioxide 


region, measured axially 
ris distance 
center of 


radially from the 


yy are 


of the first and second kind, and 9 


measured 
the pile, J» and Bessel functions 
and 
together with 


ire constants which 


the values hA ind / determine the 
L, iplacians 
In fact, the 


of the 


Laplacians, £2; and L%:, 


metal and oxide regions can be 


shown to be 


Equations 3 and 4 must also satisfy 


the continuity conditions at the bound- 


iry between the two cores 


Tisatnie ly 


Now distribu- 
tions can be found for both regions, it is 
that hy, ho, B, and Bp 
and the of £? 
determined 

Thermal 


were measure d along holes pi 


if the neutron density 


can be 


and £? 


evident 
found, values 
distributions 
J and W 
the pile 


neutron flux 
by irradiating indium foils in 
and then measuring their beta activity. 
From these measurements, the values of 
and re 


It was found that the extrapolation 


hi, B were determined. 
length for the metal core (half the dif- 
and the 


very 


ference between h length of 
good agreement 
this 


measurement of he 


the core) was in 


with the theoretical figure for 


le ngth. Since nh 


could not be made there is no ¢ x peri- 
mental hole in the oxide region parallel 
to the pile axis), it was decided to as- 


sume the theoretical value for the 


extrapolation length in the oxide region. 
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Reflector 








i6é i2 8 4 0 4 8 12 6 20 
Pitches from center of pile 
FIG. 2. Flux distribution in hole /, 


The final results obtained were: 
h, = 6.16 m 
6.03 m 
0.82 m 
0.62 
= (2.92 
= 0.66 
The measured flux distribution along 
hole J is shown in Fig. 2. This is a 
hole going radially through the pile, 
through both the metal and oxide re- 
gions. The reason for the asymmetry 
in the flux at large radii is that the hole 
thermal 


through the column 


situated in the B face. 


passes 


Temperature, Pressure Coefficients 
Soon after Gleep started operating, 


the pile control rods were calibrated 
so that the amount of k they took up 
when in a given position in the pile was 
This was done by first of all 


balancing the pile with the control rods 


known 


so that it was running steadily at low 
power, then withdrawing the control 
rods a measured amount, at the same 
time observing the rate of rise of pile 
power. From a knowledge of the num- 


ber of delayed-neutron emitters, the 
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half-lives of these emitters and the rate 
of rise of pile power, it is possible to 


calculate the change made in k (2). 
Also shortly after the pile started 
operating, a run was made at 100 kw 


without the air cooling system on. As 
the temperature of the pile rose, the 
control rods had to be withdrawn in 
100 kw. 
control 


order to keep the power at 
From the 
and the 


calibration of the 


rods measured temperature 
rise, the temperature coefficient of the 
pile was deduced. 


a“ 
rhe 


pressed as the change in effective re- 


temperature coefficient is ex- 
production constant per unit tempera- 
ture. It depends on the temperature 
distribution in the pile, but for a pile 
running without any cooling, the tem- 
perature is, of course, highest at the 
center and falls off towards the edges in 
much the way as the thermal 
flux 


perature distribution, and for the same 


Ssanmie 


neutron does. For such a tem- 


change in the graphite temperature as 


in the uranium temperature at the 


center of the pile, the temperature 


coeficient was found to be —2.9 
x 10~° & This 


ture coefficient prevents the pile from 


negative tempera- 


rising to a very high temperature if, 
for example, the control system were 
to fail. 


Gleep is only 2 > 


In fact, since the excess k of 
10-*, this tempera- 
ture coefficient means that the Gileep 
could only rise 70° C before all the 
excess k disappeared. 

The pressure coefficient of the pile, 
the change in effective reproduction 
constant per unit pressure, was meas- 
The pile 


was run steadily at low power for about 


ured in the following way. 


half an hour, and then the control rods 
Next, with all 
the holes in the pile shield closed as well 
extractor fan 
This put the pile under 


were set in position. 
as possible, the was 
switched on. 
a suction of 3.5 em of water (the mean 
value as recorded by a manometer on 
either side of the pile), and the rise in 


7 











rise 
coethoent 
10° *® /mmuallibar 
Oo neg itive, Sines 
itmospherie 


pressure incre 


imount of nitrogen in the and 


High-Power Operation 
be sure that no dangerous amount 
ty Was escaping trom the stack 
gh power running, a 20 itmosphere 

ber was installed in the 
k to 


top 
measure the 
the effluent 
initial 
that 


Yuma 
from the 


pile. 


runs at high power, 
this 
than 
expected from the A‘' aec- 


mut also that this built 


noticed not’ only did 


give a higher current 


wetivity 


th time when working at a con- 


tant power level. This suggested that 


fission-product activity was escaping 


m the uranium in the pile 
An aluminum tube 
through the P hole of 


rangements 


was placed 
the pile \r- 
made to 
this then over a 


Miiller With the pile 


running at constant power, a given flow 


were flow air 


tube and 


thro igh 
Geiger counter 
was passed through the system 
d the background counting rate due 
to \' 
foil of bare 
then put into the center of the tube and 
the <« the 
products carried off from the foil ob- 
tained This 


first, 


was determined. A small 


uranium of known area was 


ounting rate due to fission 


bare foil was then re- 


placed, by samples of the alumi- 
d uranium rod and, second, 
The 


of bare 


nul spraye 
| t uranium dioxide cartridge. 
of this comparison 
inium with the two types of cartridge 
n the pile showed that while the 
inum spraying was 99.5% efficient, 


uranium dioxide cartridges were 


g gaseous fission products into 
ir stream at a very high rate. 


In view of these results the channels 


pile containing the uranium 
blocked off 


im. Since they form 


cartridges were 


outside ring of the pile where the 


neutron flux (and therefore the heat 


oO itput 
tral 


oxide 


is low compared with the cen- 
did not make the 
cartridges rise appreciably in 
100 kw. 


discharge of fission products with 
| 


channels, this 


temperature 


Phe 


when running at 


ssociated build up of activity on 


stack monitor was 


reduced by a 


ot ten 


Experiments with Gleep 

Most of the experiments described 
in this section were done with the Gleep 
sscillator. The oscillator, diagrammed 
in Fig. 3, moves small samples housed 
in a graphite container rapidly from the 
outside of the pile shield through hole 
J, to the center of the pile by means 
These 
the 


sam- 


of an electromechanical system 
moved in and out of 
The 
ples remain in each extreme position 
for 30 seconds and take ;¢ 


move 


! 
samples are 


pile with periodic motion. 


seconds to 
Irom one position to the other. 
This induces a periodic modulation in 
the the pile. This 
periodic modulation in the power level 


power level ot 


a BF; ionization cham- 
the 


is measured by 


ber, is amplified, and resulting 
signal integrated 

Figure 4 is a block diagram of the 
electrical apparatus used in the meas- 
The 
governs the motion of a sample in the 
pile. The current from the BF 
tion chamber consists of two parts: (a) 
A steady 


voltage across the resistor in series with 


urements. main control unit 


loniza- 
current, which produces a 
the chamber. This voltage is balanced 
by a ‘“‘backing-off”’ voltage, which is a 
measure of the mean chamber current. 
h \ 


caused by the periodic modulation of 


periodically varying current 
the pile by asample. The voltage that 
this the 


amplified by the d-c amplifier. 
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FIG. 3. Mechanical oscillator equipment 


The voltage output from the ampli- 
fier is multiplied separately by sine and 
cosine factors of the same periodicity 
as the motion of the sample. This is 
done by having sliders moving with 
simple harmonic motion across resistor 
ecards connected to the output of the 
The multiplied output is 
then fed into two velodyne integrators 


amplifier 


and integrated for one complete period. 

The integrated answers are thus pro- 
portional to the two fundamental com- 
ponents in the Fourier analysis of the 
first 
harmonic components in the pile modu- 


pile modulation. If only the 
lation are considered, it may be shown 
that the percent modulation (the actual 
depth of modulation divided by the 
mean power level) produced by a sam- 
ple is proportional to the change in k 
it would produce if placed at the center 
of the pile (3). Thus the integrated 
answers are a measure of change in k. 

The following paragraphs give an 
account of some of the experimental 
work which has been done with Gleep. 

Pile neutron absorption cross sec- 
tions. Since the change in k produced 
by a sample at the center of the pile is 
total 
cross section, pile neutron absorption 


proportional to its absorption 


cross sections can be compared by using 
the oscillator. 
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FIG. 4. Electrical oscillator equipment 


sections of 


The 


about 40 elements have been compared 


absorption cross 
with the absorption cross section of 
boron (4). For the latter, the value 
of 710 barns at 2,200 m/sec given by 
uw f, 


and fg are the fractional depths of 


Ross and Story (5) was used. 


modulation produced per atom of a 
sample and per atom of boron respec- 
tively, the pile neutron absorption cross 
section of the sample is o, = osf./fr, 


9 




















where og = 710 barns is the absorption 
cross section of boron 

joron follows a 1/v cross-section 
law, and if the element being measured 
follows a 1/v law also, the pile neutron 
will be the value of the 


thermal neutron cross section at 2.200 


section 


CTOSS 


In any case, since the graphite- 


m/sec 


pile neutron flux is predominantly 
thermal, the pile absorption CTOSS S€C- 
tions will be very nearly equal to the 
thermal absorption cross sections unless 
the elements have absorption resonances 
it energies only slightly above thermal 

Absolute measurements of sources. 
Neutron sources which emit more than 
10® n 


wecurately measured in a pile 


sec 6©can) 6 6obe conveniently and 


It may 
diffusion 


bye hown, two-group 


that 


USINE 
theory, introduction of a neutron 
source of strength S at a specify d posi- 
tion in the pile has the same effect on 
the pile as changing the effective repro- 


duction constant by 06, where 


S 
1807 ~«) 
pv 


considered ure a 


The two groups 


neutrons with energies between fission 


nergy and those captured in the | 
neutrons with ener- 


In Eq 


a given position 


resonance, and (h 
gies below the U*** resonance 
1 is a constant for 
of the neutron source in the pile, (pr) 
is the flux of neutrons in group (5) at 
the position of the neutron source, ¢ 
is the absorption cross section of the 
material from which the neutron source 
is made for neutrons in group (b), and 
Wis a constant made up of the. reso- 
nance 
placian £ 


] for the parti ular region of the pile 


escape probability P, the La- 


and the slowing-down length 

into which the neutron source 1s in- 

troduced. In fact, W = p/(1 + £2L,?) 
: 0.87 for the metal core of Gleep. 

If the 
power level of the pile are 
a BF chambet 
fixed position in the pile, the 


measurements of the mean 
made with 


kept at a 


neutron 


ionization 


flux at this chamber will be proportional 


10 


Thus, the chamber current 


proportional to (pr 


to pt 
I will 


That is 


also he 


(pv), = Bl 
Inserting this into Eq. 7 


a (" Ss 
sis 7” * ) 


easurements of / is 
6 is 


f s 
i i 


made at 


series of 0 


powers, and 


various pile 
plotted as a function ot ] 7: the slope 


of the straight line obtained will be 


m= AWS/B 10) 


Suppose a measurement is made of 


6 with some substance on which an 
absolute determination of beta activity 
(The element 


also has to be a single-isotope element 


(6 can also be made 


such that its activation cross section 1s 
equal to its absorption cross section 
Sodium and phosphorus are two possi- 
bilities which were actually used Let 
the value of 6 for this calibrating sub- 
and let 
Then 

lo’ 11) 
beta 


stance be 6* its absorption 


cross section be a* 


Suppose also, that absolute 


counting can be used to determine N, 
the number of neutrons absorbed per 
calibrating substance 


Then 


second by the 

when the value of J is / 

VN = Bo*l, 

Combining Eqs. 10, 11, and 12 
S = Nm/W6*lo 


strength 1s 


(12) 


deter- 


itself 


The source thus 


mined in terms of .V, which is 
derived from measurements of absolute 
It should be noted that 


make 


is sufficient to 


beta ‘activity. 
it is not necessary to absolute 
measurements of 6; it 
measure any proportional quantity. 
Several sources have been measured 
by this method on Gleep. For a source 
which has a yield of greater than 10° 
n/sec, an absolute measurement can 
be made with better than 5% accuracy. 
Statistical fluctuations in Gleep. 
There is only a finite number of neu- 
trons in the pile at any given time. 


But, in the fission process, the number 
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of neutrons evolved is not constant, and 
there will be statistical fluetuations in 
the number of neutrons in the pile. 
Also, BF, chamber detects 


only a finite number of neutrons per 


since the 


second, there will be fluctuations caused 
by the use of such a chamber. 

These fluctuations will have Fourier 
that is, when using the 
pile oscillator, some answers will be 


compone nts 


recorded on the integrators even when 
there is no modulation of the pile. It 
is of interest to know how these fluctua- 
tions vary with integration period, for 
with this information the period can be 
which the 
obtained in a 


found for the oscillator at 


maximum accuracy is 
modulation experiment. 

The answers obtained on the integra- 
tors when the pile is being modulated 
are themselves a function of the modu- 
The form of this fune- 
tion, for all modulation periods greater 


lation period. 


than 5 sec, is largely governed by the 
and ampli- 
Suppose there isa small periodic 
variation in the k of the pile of the form 
6, sin wt, and that the mean power level 
Then, if the 
first harmonic component in the pile 


delayed-neutron periods 


tudes. 


of the pile is constant. 


power variation has an amplitude n,, 
and no represents the mean power level 


a (13) 


= A (w) do 
Tlo 


where A(w) is a function of the delayed 
neutron periods and amplitudes, and 
also of w. 

Because of the delayed neutrons, the 
first harmonic component in the pile 
power will lag in phase behind the 
periodic variation in k. However, by 
suitably phasing the sine multiplication 
on the amplifier output, all the modula- 
tion signal can be made to appear on one 
Effectively, the func- 
tion of the multiplication and 
integration is to evaluate the integral 


integrator only. 
sine 


2r 


[ ws n; sin wt dt 
i 
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Thus the integrator answer S will be 
given by 
Ss 
- 
where V is the backing-off voltage, and 
@ is a constant of the equipment. (V 
™~ no, and S/a ™ n)). 
Or, writing the integration period as 
T = 21r/w 
S 
\ = aA (w) 9 
O. R. Frisch (7) has 
theory of the Fourier components of 
pile fluctuations by using probability 
He assumed that 


(14) 


= aA (w) : bo 
w 


5o (15) 


studied the 


generating functions. 
the chief contribution to the variations 
in the k of the pile was the variation 
in the number of neutrons per fission. 

If A represents the standard error 
recorded on an integrator during one 
cycle due to pile fluctuations, then 

: = a V5 7 {1 

2y Np 

where V, 7, a and A(w) are the quan- 
tities already defined, Vr is the number 
of fissions taking place per second in 
the pile, Y is the chance that the BF; 
chamber has to detect a fission, i.e., the 
rate of detection of neutrons by the 
chamber divided by Nv, and p is a 
quantity related to the variance in the 
If v 
is the variance in the number of neu- 
trons per fission (the of the 
standard error), and vis the mean value 
of the number of neutrons per fission 
(17) 

Measurements made on Gleep have 
shown that Eq. 16 is correct, and that 
the value of p is close to unity. It is 
of interest to note that p would be unity 
if the distribution in the number of 
fission 


+ pyA%(w)} (16) 


number of neutrons per fission. 


square 


p = (v + v? — v)/v? 


neutrons per were Poisson, 
v =v. First, A(w) was measured as 
a function of period in the range 1 to 
100 sec. This was done by making a 
sinusoidal variation in the k of the pile 
at a definite period, observing the 


and evaluating 


11 


integrator answers, 














ang eee, 





A(w) from Eq. 14. This was done for 
a number of periods between 1 and 100 
sec. Then the fluctuations were meas- 
ured at one particular period, and with 
a fixed chamber position (constant y) 
ind a constant pile power (constant 
\ p) These measurements were re- 
pe ated at various periods, and then 
A?/VT was plotted against A?*/(w 
\ straight line was obtained whose 
slope gave the value of p 

\ repeat of these measurements with 
the chamber in a different position in 
the pile (a different value of y), also 
gave a straight line and the same p. 

Turning back to the question of the 
optimum period to use for modulation 
experiments, take the case where the 
chamber is in a relatively high flux so 


that pyA*(w) >1. In this case, as- 
suming p = 1, one obtains from Eq. 16 
A i 
> = aA(w) aA? (18) 
J VN; 
The “signal-to-noise ratio” S/A, 


from Eqs. 15 and 18, is 
d V2 

That is, it is independent of modulation 
period. The simplicity of the final 
result is interesting: 
Signal-to-noise ratio = 

59 [| Total number of fissions tak- | 

\/2 Ling place during experiment 


Use of Gleep as a thermal neutron 
flux standard. The resistance in series 
with the BF, chamber used with the 
Gleep oscillator is a 10%ohm_  wire- 
wound resistor. Since this resistor is 
kept in &a temperature-controlled en- 
closure and the BF; chamber is kept 
in a fixed position in the pile, the back- 
ing-off voltage potentiometer for the 
Gleep oscillator can be used for the 
accurate reproduction of power levels. 
Thus, if the thermal neutron flux is 
once accurately measured at some 
specific point in the pile (say the center 
of hole J;), it can thereafter be accur- 
ately reproduced 


12 


The thermal neutron flux (that is all 
neutrons with energies below the cad- 
mium cut-off, 0.4 ev) at the center of 
hole J; was measured by activating 
sodium carbonate. The Na* activity 
was measured absolutely by the coin- 
cidence method, and the sodium thermal 
neutron cross section was known by 
comparison with boron on the Gleep 
oscillator. A small correction had to 
be applied to the oscillator results to 
allow for the fact that sodium is not 
accurately a 1/v absorber. This was 
done by comparing the cadmium ratios 
of boron and sodium at the center of 
hole J;. (The cadmium ratio for boron 
also determines the relative densities 
of neutrons in the pile which are thermal 
and epicadmium.) 

Thus, an absolute thermal neutron 
flux known to + 5% anywhere in the 
range 10° to 10% n/cm?*/see has been 
provided in Gleep. 

By comparing the change in k pro- 
duced by boron and cadmium at the 
center of hole J,, it is also possible to 
calculate the mean velocity of the 
thermal neutrons in Gleep (8). This 
was found to be 2,794 m/see with the 
pile at a temperature of 300° K 

* 6 »* 


We would like to express our thanks to 
Sir John Cocke roft, Director of AERE, for 
permission to publish this paper 
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Philosophy behind 





Declassification of Low-Power Reactors 


Declassification decisions are based primarily on help to us vs help to the 


“enemy. 


Complicating such decisions is the complex interrelationship 


between many items of information, particularly when “‘facts of nature’’ are 


involved. 


The author, who attended two of the four International De- 


classification Conferences, describes the thinking behind the recent changes 


By J. G. BECKERLEY 


Director of Classification, U. S. Atomic Energy Commission 
Washington, D. C. 


THE RECENT DECISION by the atomic 
energy authorities of the United States, 
United 


classify 


Kingdom and Canada to de- 
information on 
represents a 
change in the tripartite 
Although the 
decision involved a substantial release 
of information, it did not represent a 
sudden shift in policy. This decision 
had been in the making for some time. 


In fact, it is interesting to note that 
* 


certain low- 


power nuclear reactors 
significant 


agreement on secrecy. 


the Tolman Committee* recommended 
the declassification of low-power nuclear 
reactors some years ago. The recom- 
mendation never implemented, 
perhaps because of the changing inter- 
national atmosphere. It should be 
recalled that the deliberations of the 
Tolman Committee took place at a time 
when initial efforts were being made to 
an international agreement for 
the control of atomic energy. It was 
anticipated that with development of 


was 


obtain 


a workable system for the international 
control of atomic energy relatively few 
Certainly such 
as design data for low- 


secrets would remain. 
information 
would be so 
non- 


power nuclear reactors 


useful to peacetime pursuits, or “ 

* Committee on Declassification set up by 
Gen. Groves on Nov. 2, 1945; see ‘“‘Secret 
by John H. Manley, Physics Today 8, 
1950). 


science, 
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dangerous”’ activities, that secrecy in 
this realm could serve no useful purpose. 

More than a before the 
Presidential announcement of the Rus- 
sian atomic explosion, many persons 
associated with the U. 8S. atomic energy 
project felt that it was probably no 
longer desirable to keep secret certain 
low-power reactor information. Other 
countries, which had not participated 
in the three-power wartime collabora- 
tion to build the atomic bomb, were 
beginning to discover the information 
for themselves and, in at least one case, 
to build and operate a low-power 
research reactor. To many it seemed 
inconceivable that Russia would be 
unwilling to invest sufficient trained 
scientific and technical manpower in 
an atomic bomb project of its own; and 
having directed its efforts in this man- 
ner, it seemed correspondingly incon- 
ceivable that Russia had not by now 
at least achieved that which had been 
achieved here, through relatively mod- 
est efforts, on December 2, 1942—a 
nuclear chain reaction. 

The Third International Declassifica- 
tion Conference (NU, Oct. ’49, p. 82) 
was held in Chalk River three days after 
the Presidential announcement of the 
Russian atomic explosion. (The prox- 
imity of the conference date and the 


13 


year ago, 




















innouncement was strictly coinciden- 
tal At this conference the delegates 
to a great extent spurred by the implica- 
tions of the announcement, reviewed 
the entire basis of secrecy in the atomic 
energy field. No definite recommenda- 
tions of a basic nature were formulated 
since the delegates had not come pre- 
pared to discuss fundamental changes 
but rather to discuss the usual secondary 
modifications, clarifications, etc., neces- 
sary in coordinating the secrecy prac- 
tices of the three countries with respect 
to the mutually shared atomic energy 
information. The delegates did re- 
solve, however, to return to their 
respective countries for basic discus- 
sions with colleagues and officials 
From this ‘‘poll taking’’ or ‘‘pulse feel- 
ing’ the delegations planned to prepare 
specifi recommendations for considera- 
tion at the next conference 

In this country the ‘‘pulse feeling’ 
was made by the Committee of Senior 
Responsible Reviewers, singly and col- 
lectively, as well as by a number of 
specialized subcommittees. Operating 
officials of the Atomic Energy Conimis- 
sion were solicited for opinions. The 
result was that when the United States 
delegation went to Harwell in February, 
1950, for the Fourth International De- 
classification Conference, the delegation 
brought recommendations* reflecting 
rather broad coverage. 

Again the time chosen for a confer- 
ence nearly coincided with avery dis- 
turbify event. Klaus Fuchs was taken 
into custody less than one week before 
the conference was scheduled to begin. 
The timing was unfortunate, but at 
least there were almost five full days 
before the conference to recover from 
the shock It should be recalled that 
Fuchs had attended the first two de- 


classification conferences in 1947 and 


* It should be pointed out that the conference 
s only empowered to make recommendations to 


the ind fual governments It is then up to 
the ernments to decide on recommended 
changes 


1948 To all accounts, he did not in- 
fluence policy decisions fon declassi- 
fication matters. 1 believe, however, 
that even without the Fuchs case the 
conference decisions would have been 
substantially the same 

Declassification decisions always in- 
volve a balancing of valuest—how 
much will it help our own efforts versus 
how much will publication of the in- 
formation help ‘‘inimical interests’’? 
Many associated questions are involved: 
How easy is it to secure this informa- 


tion? How vital is it to militarily 
significant activities? What bearing 
does this information have on non- 
atomic energy activities? Can indus- 
tries at large use the information for 
their own purposes and are they likely 
to contribute new ideas or develop new 
devices and techniques useful to our 
atomic energy efforts? Is there evi- 
dence that other nations have dis- 
covered this information or are on the 
verge of its discovery? 

These and dozens of other questions, 
including the rock-bottom, soul-search- 
ing question whether seeking security 
through secrecy interferes with security 
by achievement, make declassification 
ce cisions more involved. As each item 
is considered, scrutinized from all angles 
with various shades of opinion and by 
individuals representing a variety of 
scientific talent, one has the feeling 
that, whatever the ultimate recom- 
mendation, each item can hardly be 
said to have been considered lightly 

It is not possible, nor entirely appro- 
priate, to indicate the various opinions 
expressed at the conference table.  Suf- 
fice it to note that one opinion, @Xx- 
pressed by a number of the conferees, 
formed a basis for the decision to de- 
classify certain reactors in toto. This 
opinion was the belief that the greatest 
and most annoying difficulty in keeping 


+t See Seventh Semiannual Report to 
Congress of the Atomic Energy Commission 
p. 169 (January, 1950 


January, 1951 - NUCLEONICS 





technical information ‘‘classified ’’ stems 
from the complex interrelationship be- 
tween items of information. 
Thus, 
data from public (and foreign) view, 
always chagrined to find that 
likewise be 


retained in secrecy since the latter imply 


various 


if one agrees to hold one item of 


ne is 


several other facts must 


or add up to the former. Even when 
a careful attempt is made to keep only 
a minimum number of items of technical 
under this inter- 
dependence results in multiplying the 
number substantially, sometimes by an 
This is 
always true when the fact which it is 


Intormation cover, 


order of magnitude. almost 
desired to conceal is a ‘‘fact of nature.’’ 


However, if it is desired to conceal 
information on a device or gadget, the 
problem is generally much simpler. 

An example may clarify this basic 
difficulty 
thermal neutron fission of U?8* was kept 
until 

NU, 


number is 2.5. 


The number of neutrons per 


the recent declassification 
Nov. '50, This 
One might expect at 
glance that this could be kept 
secret just by watching for it and using 


secret 
action p. 76). 
first 
a scissors or blue pencil. It doesn't 
In the first place this 
nuclear 
This is not too 
data are gen- 
But then the 
number crops up elsewhere. A value 
total 
energy acquired by the fission neutrons 


work that way. 
gets 
numbers. 


value involved in most 
reactor 
troublesome if reactor 


erally classified too. 


for the fraction of the fission 


is declassified. The average energy of 
the fission neutrons must then be kept 
concealed or simple calculation will re- 
Worse 


as mass spectroscopic data 


veal the classified value of 2.5. 
this, 
on the fission fragments become more 


than 
accurate, it becomes necessary to scru- 
tinize this information closely, lest by 
balancing masses and energies for a 
fission pair one can detect the missing 
2.5 neutron masses. So it goes. To 
hold one number, a variety of other 


numbers must be screened or concealed 
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in spite of the fact that many of these 
other numbers are, per se, of relatively 
little significance in any ‘‘dangerous”’ 
activity. 

With this difficulty in mind the con- 
ference decided that some reactors must 
he completely declassifiable. It should 
be possible to make public all informa- 
tion necessary to design these reactors 
Should any one 
item concerning these reactors be re- 


and to operate them. 


tained as classified or any one fact of 
nature pertinent to their design and 
operation be concealed, then, it was 


felt, the value of the action might be 
The reactors thus 
called 
“Class I’’ reactors and included some 
five U. 
ence), a single U.K. and a single Cana- 
dian reactor. All characterized 
by low power operation, with only the 


greatly diminished. 


completely declassifiable were 


S. reactors (three now in exist- 
were 
simplest arrangements for cooling; to 


them at high 
tens of megawatts, would 


operate significantly 
power, €.g. 
not be possible without drastic altera- 
tions. All the Class I 


natural uranium or enriched uranium. 


reactors use 


None can be characterized as ‘‘recent”’; 
all are most useful as research tools. 
The Class I reactors agreed to by the 
declassification conference were hardly 
to be considered as militarily significant. 

Nevertheless, as research tools, such 
useful. As 
reactors they 


reactors are extremely 


relatively simple may 
be studied to advantage in preparation 
for work on advanced types. The de- 
information on 
reactors, the felt, 

make such units more readily available 


to the wider community of scientists 


classification of these 


conference would 


and engineers. 

The Fourth International 
fication Conference recognized the 
desirability for having at least some 
reactors in this completely declassifiable 


Declassi- 


made recommendations to 
The conferees further con- 


other 


state and 
this effect. 
cluded that 


certain reactors, 
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Class II,” 
limited number of features which should 
he concealed It 
that these reactors be studied and the 


designated as had only a 


was recommended 


classified’? and ‘‘declassifiable’’ fea- 
tures be specifically defined. This 
examination is now under way. Reac- 


tors included in this category are the 
higher power research reactors. It is 
inticipated that these reactors may, as 
a result of partial declassification, be- 
come more useful té the scientific and 
engineering community at large, with- 
out revealing information of use in 
militarily significant reactor activities. 

The conference further recognized a 
This included 


reactors having real military 


Class III” category. 
ill those 
power-producing 


significance—mobile 


reactors, large-scale plutonium = pro- 


ducers, ete. For these reactors it was 
igreed the information released should 
be a minimum. 

As a corollary to the 


‘declassified ”’ 


basic recotmi- 


mendation of reactors, 
the conference examined the associated 


nuclear phy SICS 


It was apparent that 
the reactor design information would 
be of limited value if the 
used in the design calculations were not 


available Of 


basic data 
what off-project use 
would a fuel or lattice dimension be 
if the associated nuclear data were kept 
classified ? 


fe rence 


With this in view, the con- 
recommended the declassifica- 
tion of the thermal neutron constants 
for | and U?3* and the 
uranium fission cross section for higher 


Mev 


I’’ reactors do not 


natural 
neutrons.* 
gen- 
appreciable quantities of pluto- 


energy (0.7 to 5.0 
As ‘‘Class 
erate 
nium, the nuclear constants of plu- 
were not recommended for 
The same held for U***.) As 
fission in the Class I reactors takes place 


tonium 


re le nse 


for the most part when thermal neu- 
absorbed by U*35, the U?% 
recommended — for 


trons are 
fission constants 


declassification were for thermal ener- 


* See page 78 in this issue 





16 








gies only. It was believed that, even 
the nuclear data 
include all that 


needed in the design and operation of 


with these OMISSIONS, 


released would was 
low-power uranium reactors. 

In building any reactor, whether for 
research or for military activities, a 
great body of information is needed for 
the successful production of the asso- 
ciated uranium and the moderator. 
The 


specifically 


present declassification action 


excludes the release of 


additional information on the tech- 
nology associated with the manufacture 
This 


appears to be entirely appropriate at 


of the essential reactor materials. 


the present time 

In conclusion, I should like to remark 
that a constantly recurring argument in 
favor of this release of reactor informa- 
tion was the argument that the reactor 
program must be supported by ade- 
quately trained scientific and engineer- 
ing personnel. Adequacy of training 
depends in part on the accuracy and 
completeness of pertinent information 
available to the universities and engi- 
neering schools. On-the-job, or on-the- 
project, training is important but cannot 
be completely effective (nor efficient) 
without the maximum of previous prep- 
aration. 

In no other activity of comparable 
importance to the national defense and 
security does one enter into work with 
less specific numerical information than 


Now 


at last an aspirant for a career in reactor 


in the atomic energy project. 
engineering does not have to wait until 


after he is engaged in a project job 
before being able to study in detail a 
real, honest-to-goodness (albeit of low 
power output 

Of comparable benefit will be the 


ultimate availability of reactors of this 


nuclear reactor. 


type to a wider body of physicists, 
radiochemists, solid-staters, engineers, 
et al. The low-power reactor as a 


research tool has only passed the 


threshold of its usefulness. 
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THE AEC IN SOLID-STATE METALLURGY 


Early in 1948, the AEC began to encourage sound proposals 
for metallic-state research. The integrated program that 
was built around the resulting basic research is discussed 
in detail, together with examples of the progress to date 


By D. W. LILLIE 


Acting Chief, Metallurgy and Materials Branch, Division of Research 
United States Atomic Energy Commission, Washington, D. C. 


ONE SMALL but important phase of 
Atomic Energy Commission research in 
the physical sciences is in what is often 
termed solid-state metallurgy. It is a 
field populated by both the metallurgist 
and the physicist and involves the tools 
Its importance to the develop- 
ment of atomic energy is easily seen 


of each. 


when one realizes the tremendous de- 
pendence of the future of atomic energy 
on improvement in materials. 

\ nuclear reactor is the best available 
source of high temperature which can 
be produced in a very small volume. 
The ultimate release of this high-tem- 
perature energy is, of course, obtained 
in the atomic bomb itself. If we con- 
fine ourselves, however, to the field of 
power generation, this heat-energy pro- 
duction must be limited to the tempera- 
tures which existing materials can with- 
stand and to the rate of heat removal! 

Controlling factors may be the rate at 
which one metal diffuses into another 
under a temperature gradient, the rate 
of extension of a structural 
under load (i.e., ‘“‘creep”’), the way in 
which nuclear radiations affect the en- 
gineering properties of materials, or the 
effects of grain-coarsening either di- 
rectly on engineering properties or in- 
directly on other variables. Much can 
through empirical 
measurements to select the most suit- 
able materials from those in every-day 
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element 


be accomplished 


engineering use. Beyond that, how- 
ever, we must learn the whys and hows 
of these processes so that new materials 


“may be developed and the cut-and-try 


effort reduced to a minimum. 


Basic Research 

Beginning in early 1948, the Metal- 
lurgy Branch of the AEC’s Division of 
Research under B. 8. Old adopted the 
policy of supporting sound basic re- 
search proposals for metallic-state re- 
search. This, although only one phase 
of the basic metallurgy program, has 
developed into one of its more im- 
portant aspects. During that year the 
following programs were initiated: 

*Self-diffusion and High-temperature 
Phenomena,"’ at the research labora- 
tory of Sylvania Electric Products 
Company under Walter Kingston and 
B. H. Alexander; 

* Solid Solutions and Grain Boundaries," 
at Massachusetts Institute of Tech- 
nology under Morris Cohen; 

“Grain Boundaries and Lattice Imper- 

Carnegie Institute of 
under Roman Smolu- 


fections,”’ at 
Technology 
chowski; 

“Studies in Fundamental Metallurgy,” 
at the research laboratories of the 
General Electric Company under 
John Hollomon; and 

“Creep of Alloys,"’ at the University of 
California at Berkeley under John 
Dorn (currently under the direction 
of Earl R. Parker). 

These projects formed the nucleus for 


an integrated program. During the 
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past two vears it has been augmented 
by projects at the University of Illinois 
inder Frederick Seitz on ‘‘ The Mecha- 
nism of Substitutional Diffusior ,’ and at 
Columbia University under T. A. Read 
on Diffusionle sx Phase Chande sin Solid 
Vetals and Alloys,’ and additional pro}- 
ects are being negotiated 


Exchange of Information 

The existence of these closely allied 
projects posed the problem of correla- 
tion It was felt that, within § this 
group, it would be valuable to « xpedite 
the interchange of program information 
beyond that which would naturally 
occur through publication of completed 
phases of the work in the usual technical 
journals \ system of quarterly prog- 
ress reports was therefore instituted for 
interchange between the groups and for 
distribution to other interested AKC 
Croups 

Further, it was decided that -a series 
of small meetings of the key research 
men from all the projects would be of 
ise in the exchange of information on 
current progress and would at the same 
time serve as an aid in technical evalua- 
tion on the part of the AEC representa- 
tives and their advisers. The first of 
these meetings was held in May, 1949, 


n Schenectady under the auspices of 
the General Electric Company The 
second mee ting Was held in New York, 
Mav 24 and 25, 1950, under the “aAUSpICes 


of the Svivania Electric Products Co. 


Scope of the Program 

Since most of the work reported at 
the May meeting is as yet unpublished 
no attempt is made to review it in detail 
here Instead, discussion is confined to 
details concerning the objectives of the 
programs and in some cases, with the 
contractor's permission, examples of the 
results to date 

University of California. Work at 
the University of California, now under 


Karl Parker, involves a fundamental 
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study of the phenomenon of creep in 
metals. The objective is ‘‘to determine 
the effects of mechanical, thermal, and 
metallurgical factors on the creep resist- 
ance of alloys, with the specihe purpose 
of obtaining more fundamental seientifie 
lata for the development of a better 
theory of creep.”’ To accomplish this, 
Dr. Parker and his group have elected to 
study creep in high-purity nickel. It 
became evident early in the project that 
the highest-purity nickel available on 
the market would not be adequate for 
an investigation aimed at determining 
the effects of alloying elements. For 
this reason, methods were developed 
for the laboratory production of extra- 
high-purity nickel by vacuum-casting 
Mond nickel pellets 

All creep measurements are being 
made on constant stress creep units in 
which a lever-arm arrangement auto- 
matically reduces the load on the speci- 
men as it stretches and decreases in 
cross-sectional area Attempts are be- 
ing made to interpret the precise data 
in terms of one or another of the current 
theories of creep. Initial data appear 
to substantiate the recent theory of 
Wood (7) based on the effects of a 
crystallite substructure. 

Future work on this program will in- 
clude a study of the effects on creep rate 
of alloy samples containing small addi- 
tions of titanium to the pure-nickel-base 
material. High-purity single crystals 
of zine will also be produced and sub- 
jected to creep tests 

General Electric Company. ‘The pro- 
gram at the G-E Research Laboratory 
is the largest single project: in metal- 
lurgy under AEC support. It is under 
the direction of J. H. Hollomon and 
embraces three major fields: (1) thermo- 
dynamic studies, (2) diffusion studies, 
and (3) measurements of  solid-solid 
interfacial energies Of these, the latter 
two are most nearly related to the other 
programs under discussion and will 
therefore be emphasized here. 
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High-purity silver has been chosen as 
the diffusion 
studies whose initial goal is the elucida- 


the basic substance for 


tion of the role of grain boundaries in 
self-diffusion. \s 
the rate of self-diffusion of silver atoms 


a preliminary step, 


in a single crystal of silver has been de- 


termined Measurements have been 


made by electroplating radioactive 
\g''’ on one face of the single crystal, 
heating the specimen to the desired 
diffusion temperature, cooling to room 
then 


the active into the in- 


temperature, and measuring the 
penetration ol 
active silver by means of counting tech- 
niques. Having established a base 
value for diffusion rates through a grain, 
variables in grain-boundary effects in 
polyerystals can then be attacked. 

For a first-order study, the following 
variables are being investigated: 

1) Specimen purity. 
2) kffect of grain size 
3) Effect of grain orientation. 
1) Specimen thickness. It was be- 
lieved that in very thin specimens 
a saturation effect might be no- 
ticed which would block further 
grain-boundary diffusion after a 
period of time. 
To date, information has been obtained 
on the first two variables. 

It has been found that the activation 
energy for grain-boundary diffusion is 
about one half of that for lattice diffu- 
sion and is independent of grain size. 
Although the mobility of silver is many 
times greater along grain boundaries 
than through the lattice at all tempera- 
material trans- 


tures, the amount of 


ported by the grain boundaries to a 
given depth of penetration that is easily 
measurable is a major fraction of the 
total transported, only if the tempera- 
ture 1s comparatively low (less than 
650°C) and the grain size is relatively 
Studies on grain orientation are 


Also under considera- 


small 
now under way. 
tion are investigations of diffusion rates 
in copper-silver alloys, the effect of 
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pressure on diffusion, and the mech- 


anism of formation of holes in alpha 
brass through dezincification. 

Surface tensions of liquid metals and 
interfacial free energies for 
liquid 


measured. 


pairs of 


metals have been frequently 
Free energies at solid-solid 
interfaces such as grain boundaries or 
the junction surface of dissimilar metals 
have not been previously measured. 
Such 


studies of phase transformations, grain 


data would be valuable in the 
growth, sintering in powder metallurgy, 
The 
group at G-E are attacking this problem 


corrosion, and other phenomena, 


by a number of different approaches. 
The major effort has been the meas- 
urement of the copper-copper grain 
boundary energy by means of the so- 
called ‘‘liquid-drop”’ In this 
case, a drop of liquid lead is deposited 


method. 


on a polished copper surface at a grain 
boundary. On continued heating, the 
liquid lead drop will assume an equilib- 
rium shape involving the formation of 
grain 
By measurement of 


a characteristic groove at the 
boundary surface. 
the equilibrium shape and the groove 
angles at the copper-lead interface, a re- 
lationship can be established between 
the liquid lead-gas, liquid lead-solid 
copper, and solid copper-solid copper 
energies. The liquid lead-gas value can 
be obtained by standard surface-tension 
techniques. The liquid lead-solid cop- 
per free energy is calculated from meas- 
urements of the dihedral angle formed 
a lead drop on a 

And, with these 
values, the copper-copper solid inter- 
facial energy can be calculated. This 
used to attempt to 


on equilibration of 
copper single crystal 


technique will be 
measure the variation of grain boundary 
energy with orientation. 

The thermodynamic program has as 
its main objective the measurement 
of free energies at high temperature 
of metallurgically important materials. 
To this end, a calorimeter has been con- 


structed for measuring heat capacities 
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= 


and heats of reaction at high tempera- 
tures Also, activity coefficients of var- 
ious alloy components are being de- 
termined by emf and equilibration 
methods. 

Carnegie Institute of Technology. 
The work at Carnegie Tech is under the 
general direction of R. I Mehl and 
under the direct supervision of Roman 
Smoluchowski. The original aim of 
this program was a study of grain 
boundary phenomena and lattice im- 
perfections. Thus, in the first phase, 
it is closely linked with the diffusion 
studies at General Electric and, in the 
second phase, parallels the work (de- 
scribed later) at MIT 

In the course of studies of the dif- 
fusion of silver into copper, metallo- 
graphic examination disclosed that 


phase changes had occurred and caused 


recrystallization effects along the grain 
wundaries of the coarse-grained copper 
used in the experiment. This indicated 
faster diffusion of silver at the copper 
grain boundaries than through the 
copper grains, and prompted further 
investigation 

Methods were first established for 
producing copper specimens with coarse 
columnar grains along which the course 
of diffusion could be followed most 


easily Sandwich-type diffusion cou- 
ples were prepared with columnar cop- 
per on both sides of a Cu-Ag alloy (6% 
\g The alloy was used so that the 
phase change noted above would not 
occur and confuse the results Diffu- 
sion Was made to occur by heating the 
couple in a furnace, and the sample was 
then cooled and the diffusion measured 

(Juantitative measurement of diffu- 
sion rates at the grain boundaries has 
been the most difficult part in this pro- 
gram What is desired is not an aver- 
age penetration rate but an actual rate 
along,a specific grain boundary At- 
tempts to use autoradiographic meas- 
urements, where the diffusing agent 


is radioactive Ag! have been only 
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partially successful. The difficulty is 
largely in obtaining sufficient resolution 
in a direct contact print. A method 
involving machining off the plated sur- 
face and the underlying copper until 
volume-diffused silver (i.e., silver dif- 
fused through bulk copper rather than 
through grain boundaries) is removed 
and then taking contact prints on the 
remaining surface may be successful in 
eliminating the difficulty. 

Another fairly successful approach is 
that of heat-treating the diffused sample 
so as to precipitate silver from those 
regions into which it has diffused. Var- 
ious etching techniques can then be 
used so that microscopic examination 
will reveal the precipitated silver. The 
quantitative sensitivity of this method 
is obviously not very high. Attempts 
ire being made to grow columnar cop- 
per tri- and quadri-crystals composed 
oO! grains ol predetermined orientation 
so that the rate of diffusion at the 
boundaries of these grains may be 
studied asa function of grain orientation. 

The second phase of the Carnegie 
Tech program 1s on lattice-imperfec- 
tions To pursue these studies, they 
have designed and built a high-pre- 
cision, small-angle, X-ray scattering 
camera and also a continuous pole figure 
camera (described at the Seventh An- 
nual Pittsburgh Conference on X-ray 
and Electron Diffraction). Subjects for 
study with this equipment will be short- 
range order in Ag-Zr alloys, the influ- 
ence of magnetic fields on recrystalliza- 
tion, and the slip behavior of silicon 
ferrite single crystals 

Massachusetts Institute of Tech- 
nology. A program on the nature of 
solid solutions and grain boundaries is 
being undertaken at MIT under the 
direction of Morris Cohen and B. L. 
Averbach. X-ray and thermodynamic 
techniques are being used to determine 
the relationship between the thermo- 
dynamic properties of a solid solution 
and the lack of randomness in the atomic 
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An ideal solid solution of 
\ atoms and B atoms is so arranged that 


distribution. 


a given atom has no preference for either 
like or unlike bonding. Such perfectly 
random solid solutions follow Raoult’s 
law, in that the thermodynamic activity 
of a given component is proportional to 
The solid 
solution contains the same number of 
AB pairs that would be expected from a 
perfectly random mixture of A and B 


its atomic fraction. ideal 


atoms on a given set of lattice sites. 
Very few real solutions are ideal and 
the deviations from ideality appear in 
the thermodynamic properties and in 
the atomic distribution. In the copper- 
gold system, Cu-Au pairs are preferred, 
and hence the solid solution shows a 
short-range ordering which is detectable 
by a study of the diffuse scattering that 
appears in X-ray patterns. From an 
analysis of this diffuse scattering, it is 
possible to calculate the extra number 
of Cu-Au pairs formed in this system. 
This preference for unlike bonds over 
like bonds is reflected in lower activity 
values for the components than would 
be expected from Raoult’s law. 
Although 
made in understanding the alloys that 
undergo ordering, that is, alloys that 


some progress has been 


tend to form AB pairs, comparatively 
little progress has been made with alloys 
that prefer to form AA and BB pairs. 
This case is important since a solid 
solution from which precipitation occurs 
must necessarily be of the latter type. 

The nature of the solid solution prior 
to precipitation is being investigated in 
the nickel-gold system which contains 
a miscibility gap in the solid solution 
region. The thermodynamic activity 
of nickel in a series of nickel-gold alloys 
is being studied by potential measure- 
ments of nickel versus alloy electrodes 
in a molten salt electrolyte containing 
nickel chloride. From these determina- 
tions, it is possible to obtain the free 
energy of mixing, the heat of mixing and 
the entropy of mixing. 
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Measurements have already indicated 
that this system shows large positive 
deviations from Raoult’s law (in con- 
trast to the negative deviations obtained 
for alloys that undergo ordering) and 
these positive deviations are interpreted 
as indicating a preference for Ni-Ni and 
Au-Au bonds over Ni-Au bonds. In 
other words, the minimum free energy 
condition of a solid solution of this type 
is such that it contains an excess of AA 
and BB bonds prior to the precipitation 
which is to occur at a lower temperature. 

The nature of these pre-precipitation 
phenomena is also being studied by 
X-ray techniques. If an excess of AA 
and BB bonds is formed by means of 
atomic clusters in the solid solution, it 
should be possible to detect diffuse seat- 
tering and small-angle scattering as a 
result of this arrangement. No small- 
angle scattering has so far been de- 
tected, but a diffuse scattering has been 
found and this is now being interpreted 
in terms of atomic arrangements. 

An additional program has recently 
been instituted at MIT under the joint 
supervision of B. Ek. Warren and B. L. 
Averbach. In these programs, the rela- 
tive atomic displacements produced by 


plastic deformation are being studied 
by a new X-ray technique (2) that is 
based on a precise analysis of the in- 
tensity distribution in diffraction lines. 


These 
bined with metallographic studies and 
with measurement of electrical resistiv- 
ity at liquid helium temperatures in 
both single and polycrystalline materials 
to study the atomic motions involved in 
cold work, recovery, and recrystalliza- 
tion. Another phase of this investiga- 
tion involves the same techniques to 
determine the effect of nuclear radiation 
in distorting metallic lattices. The ra- 
diation-damage phenomena will be re- 
lated to similar effects produced by 
plastic deformation. 

Sylvania Electric Products Company. 
The interest of the Sylvania Electric 


measurements are being com- 

















Products Company in powder-metal- 
lurgical processes has led them to de- 
velop a basic research group in this field 
Their research involves studies of the 
phenomena which most directly affect 
the sintering process; namely, diffusion, 
mechanisms of flow, and recrystalliza- 
tion and: grain growth These basic 
studies, now partially financed by AEC 
funds, are under the general supervision 
of W | Kingston with the assistance 
of KB. H. Alexander 
The most active phase of this program 
nvolves studies of diffusion phenomena 
intering techniques, Certain met- 
als such as copper and aluminum have 
no satistactory radioisotope s with which 
to make self-diffusion studies by stand- 
ard radioactive-tracer techniques. In 
attempting to get around this difficulty, 
Kuezynski developed a method (3) of 
wrapping fine wires of the metal under 
study around a cylinder of the same 
metal, heating to the diffusion tempera- 
ture, cooling, aad then measuring the 
diameter of the neck formed at the junc- 
tion point of wire and eylinder and re- 
vealed by a cross-sectional cut The 


geometry 1s shown schematically below 





Cross section 

















+ or wire 
2x 
4 a ar 7 r 4 7 7 - 
(= Bose 
; i a a cylinder / 
It can be shown theoretically that uf the 


mechanism of sintering is that of volume 
diffusion, the fifth power of the radius 
x will be proportional to time at sinter- 
ing temperature (r° ~ [ This is actu- 
ally found to be the case, and diffusion 


be calculated from meas- 


coefficients can 
ured values using the following equation 
r> 40% 530D 
a? ‘ 4 kT 
where 6 is the intertomic spacing, 0 the 
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surface tension, ¢ the time, k Boltz- 
mann’s constant, 7' the absolute tem- 
perature, a the original wire radius, and 
D the coefficient of self-diffusion 

When this technique is applied to dis- 
similar metals (e.g., a wire of gold on a 
base cylinder of silver) a more complex 
situation arises in which either grooves 
reaching up into the wire appear or 
‘“‘digging’’ of the wire into the base 
evlinder occurs These conditions are 
not amenable to quantitative evaluation 
but appear to indicate that diffusion of 
constituent A into B may occur more 
rapidly than that of B into A. A con- 
siderable amount of information is being 
amassed on variations in this condition 
which may shed qualitative light on the 
phenomenon of interdiffusion 

Another interesting study of diffusion 
ind sintering undertaken by the Syl- 
Vania group involves the mechanism of 
closing of cusp-shaped pores which re- 
sult when layers of tine copper wire 5- 
mil diameter) are wrapped one on top 
of another The type of pore involved 


is shown schematically below: 





Copper 
wile 


Pore 











The blacked-in areas represent porosity 
in the winding. In practice, up to ten 
layers of wire are used. On sintering in 
hydrogen at temperatures near the melt- 
ing point, these cusps rapidly spheroid- 
ize and decrease in cross-sectional area 


by about 10° 


This is followed by a 
stable period in which ‘“‘grain”’ growth 
occurs across the initial boundaries but 
pore size changes only slightly and ir- 
regularly. There is some indication 
that pores can disappear when a large 
grain boundary gives access to the sur- 
face, thus suggesting a grain-boundary 
vacancy diffusion phenomenon. 
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(nother subject under study is creep 
in very fine wires under very light loads 
at temperatures near the melting point 
Studies on gold are being 


of the wire. 


made to determine whether or not 
purely viscous flow exists under these 
conditions. Attempts are also being 
made to detect the occurrence of slip 
using a piezoelectric crystal as a pick-up 
device. Plans are also under way to 
study recrystallization in single crystals 
and so-called ‘“‘secondary recrystalliza- 
tion’’ or ‘“‘exaggerated grain growth” 
which occurs in some polyerystals. 


University of Illinois. Here work 


under Frederick Seitz has just begun on 
a project entitled ‘“‘Study of the Mech- 


Substitutional Diffusion in 
The experiments of Kirken- 
and more recently the work 


anism of 
Metals.’ 
dall (4 

under Alexander at Sylvania cited pre- 
viously, that diffusion 
of A into B may occur more rapidly 


have indicated 
than Binto A, which results in an actual 
displacement of metal in the direction 
The group at 
investigate this effect in 
through this investigation, 


of most rapid diffusion. 
Illinois will 
detail and, 

attempt to 
whether the mechanism of interdiffusion 
is that of direct interchange of atoms, 


ascertain. unequivocally 


movement of lattice vacancies, or in- 
terstitial migration. 
Columbia University. 


dition to the solid-state 


A recent ad- 
phase of the 
metallurgy program is a project at 
Columbia under T. A. Read. This 
grant is for the study of diffusionless 
phase changes 
trans- 


phase changes, that is, 


which occur by instantaneous 


formation from an initial phase to a 


second phase of the same chemical 
composition. The martensite reaction 
which forms the basis of the heat treat- 
ment of steel is an example of this type 
of reaction. Other alloy systems in 
which it occurs are gold-cadmium, sil- 
ver-zinc, copper-aluminum and others. 
manganese, tin, 


may 


metals such as 
uranium 


Pure 
zirconium, 
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and also 


undergo this type of phase change. 
Some investigators feel that diffusion 
actually occur in these phase 
the actual 


must 
changes, but in 
mechanism needs considerably greater 
It is hoped that the 


any case 
understanding. 
Columbia program will provide it. 
University of Tennessee, ORNL. 
The latest ‘project is one at the Uni- 
versity of Tennessee under E. EF. Stans- 
Calorimetric techniques are be- 
amount of 


bury. 
ing used to measure the 
energy stored in a metal crystal lattice 
during cold work (deformation below the 
recrystallization temperature). These 
measurements will be correlated with 
internal friction being 
made at Oak Ridge National Labora- 
tory by the group under John Frye of 
the Metallurgy Division. 


measurements 


A Growing Field 
These, then, are the current 
state metallurgy programs aided by 
AEC funds. They are of course only a 
fraction of the total work in this field 
in the United States. It is metallurg- 
which, in the past, has 


solid- 


ical science 


much of its inspiration from 


drawn 
foreign sources but is now one of grow- 
ing strength in this country. The role 
of these research programs in training 
those who may be its future leaders is 
another vital factor. Our hope is that 
we shall be able to supply additional 
support in the future to new projects 
thus continue to 
foundation of 


at new sites and 
strengthen the 


knowledge on which materials develop- 


basic 


ment depends. 
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Geometrical Efficiency of End-Window 
G-M Counters 


To achieve 95‘; efficiency in end-window counting, the sam- 
ple diameter should be less than half that of the window and 
the sample should be very close to or far from the window. 
Corrections must be made if these conditions are not fol- 
lowed or if more valid results are desired. Required data 
is developed on the basis of the theory presented here 


By G. B. COOK, J. F. DUNCAN, and M. A. HEWITT 
ftom Energy Research Establishment 
Harwadl, Didcot, Berkshire, Englar 
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FIG. 1. Angle subtended at point source 
Counting rate varies directly with displaced from axis of counter 
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APB and AP’B in Fig. 1. The con- 
the To minimize 
comparative measurements 


clusions are same: 
errors in 
from nonuniform deposition of material 
on a sample tray, it is advisable (a) to 
keep the diameter of the sample to less 
than half the diameter of the counter 
window and (b) to place the sample 
tray either very close (h/r < 0.2) or 
very far from the window 
(h/r > 2.0 Under conditions 
the activity of all points on the sample 
will be detected with greater than 95 % 
of detection efficiency on the axis. 


counter 
these 


Experiments 


To ascertain how far the computed 
curves predict experimental results, the 
observed counting rate of a point source 
of P*? at different 
to the window of a ‘‘bell-jar’ 


positions relative 
’ counter 
was determined. The source was pre- 
pared by evaporation of a droplet of 
a P32 
on an area 1g mm in diameter on the 
top of a pointed aluminum rod. This 
rod horizontal 


aluminum vertical 


solution of high specific activity 


was supported by a 
held on 
aluminum arms 8 em from the axis. 

The 


2.50-cm diameter window away from 


bar two 


counter was mounted with its 


any other constructional material ex- 


Vol. 8, No. 1 - January, 1951 


604 - 4 

0 O01 O02 03 04 O05 O06 OF O08 OF O OC 
avr 

Efficiency of detection of a point source 


02 03 04 05 06 07 





100 


95 


90 





> 
~ 
> 
- 
rs) 
a 


Experiment Theory 





% 














7 i i 
°% 04 O06 
d/r 


FIG. 3. Experimental results 


cept the rods; this reduced scattering 
to a minimum. 

The results obtained experimentally 
are shown in Fig. 3, in which the curves 
represent the results predicted by com- 
putation based on A being the measured 
distance from the source to the counter 
window. The predicted curves seem 
to agree with the experimental results 
with reasonable accuracy in all cases 
for d/r < 0.5. 

The relatively 
tained for intermediate values of h/r 
with d/r > 0.5 require some explana- 
the 
closer to the counter window, the error 
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large deviations ob- 


tion, however. As source comes 











; 
; 








used by the assumption that the 
vertical distance to the counter window 
the actual value of A becomes signi- 
want ; If the counter is insensitive 
from the window up to the end of the 
ounter wire, then the angle subtended 
if the point P by the end of the active 
pace will be smaller than that com- 
puted The observed activity will thus 
tM ower than expected by an amount 
lepending on d Therefore, the tru 
plot ol d/r against ‘ wtivitv will 
follow a different curve in Fig. 2 from 
that ¢ xpected from the measured A 
Since, for a given value of d/r, the 
vetivity passes through a minimum 
h ncreases the tua! eo “activity 
be higher or lower than that ex- 
pected from the measured value of A, 
lepending on the relation between 
measured and actual values of A/7 It 
n be seen by Inspection of Fig. 2 that, 
c measured value of A/r ZS 0.6 
Case A the curve of the observed 
tivity will be above the curve for the 
! puted value of A/r, as shown in 
hig. 4 On the other hand, if the actual 
lue of A/r = 0.6 Case B ; the ob- 
ey ed curve will be be low the computed 
curve There will also be a position 
vhere the measured value of h/r < 0.6 
1 the actual value > 0.6 (Case C 
vhen the computed and observed curves 
He mm any position relative to each 
other and mav be almost coincident 
From the experimental data, it can 
be seen that the error ¢ 1used by dit 
ferences between the measured and 


etual A/r is small for measured values 
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FIG. 4. Effect of error in values for / 
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Values of solid angle ‘{? subtended by 
counter window at point on axis 





} 0 % } «> = h 0) /e 
005 0.95 0.70 0.43 ; 0 0.051 
010 0.90 O.SO ts § 5 0.039 
015 0.85 0.90 0.33 10 0.030 
020 O.S0 1.0 0.293 15 0. 0ov4 
0.25 0O.7¢ . 2 0. 232 5.0 0.0104 
0.30 0.71 1.4 0 1S6 60 O.0136 
0.35 0.67 1.6 0.152 7.0 0O.O101 
0.40 0.62 1.8 0.126 S 0 O.OO77 
0.50 0.55 2.0 0.106 9.0 O. 0061 
0.60 0.48 2.5 0 O74 10.0 0. 0050 
oth = 2.89 or 6.27. For a measured 
} 1.78 or 0.74, case A obtains, and 


the difference between the measured 
ind actual values of A has been cal- 
culated as 0.9 and 1.2 em respectively. 
By breaking the counter window it was 
found that the distance between the 
end of the wire and the counter window 
was 1.0 em \ measured h/r = 0.26 


ives case C, and the curve is nearly the 


same as that for the actual h/r. A 
measured A/r 0.16 is also case C, but 


here the actual curve should lie well 
below the computed curve 

The following factors have been 
neglected in these considerations: (a 
scattering, which would increase as 
/ approaches zero and the source 
ipproaches the metal envelope of the 
counter, 4h) the increase in effective 
thickness of the counter window as 
h becomes small, which ts greatest 
lor points remote trom the axis of the 
counter, (c) the shielding effect of the 
bead, and (d the possibility of detection 
of some of the B-particles in the dead 
space between the bead and the window. 
\ combination of these factors might 
weount for the experimental curve 
being flatter than « xpected lor very low 
values of h/t Similar trends in 
experimentally observed curves can 
also be seen when the results of Put- 
man (4) are compared with Fig. 2. 


From Fig. 2 the shapes of isosensitive 
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FIG. 5. 


surfaces may be determined if the 
efficiency of detection of the point P 
at different values of A/r is known. 
The latter are given in the table on page 
26, where the solid angle Q subtended 
at P is given for values of h/r. 

It is also possible to obtain from Fig. 
2 an estimate of the efficiency of detec- 
tion & of a planar circular source of 
radius expressed as a percentage of 
the efficiency of detection of the point P 
at the center of the source. The values 
plotted in Fig. 5 were obtained by using 
the expression 


d 


1 » 
v computed “) activity of 
point source for a given value 


— of dir) & Qrd/1 
j r 


for intervals of d/r of 0.05. It will be 
seen that when the source size is greater 
than 34 the diameter of the window, a 
considerable decrease in counting rate 
will occur relative to that obtained with 
concentrated on the axis. 


the souree 


Knowing the distance of the bead 


from the counter window in any par- 
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Efficiency of detection of a planar source 


ticular case, the curves of Fig. 5 may 
be used to estimate the correction neces- 
sary (due to the finite size of the source) 
in absolute B-counting with a Geiger 
assembly which is calibrated by means 
of a standard source of small dimensions 
In comparative meas- 


urements the curves of Figs. 2 and 5 


(say d/r < 0.5). 
indicate the limits of 
with sources of different diameter and 
Fig- 
ure 2 gives the efficiency of detection of 


error possible 
different distribution of material. 
source concentrated at the 


a circular 


Fig. 5, the efficiency for a uni- 


formly distributed source. 


rim; 
In general, 
any practical case will be in between 
these two extremes 

-_ * @ 


thank the 
Research 
publish 


The authors 
Director of the 
Establishment for 
this paper 


would like to 
Ene rgy 


per mission to 
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RADIOLOGICAL UNITS — 
International Commission Recommendations 


With the advent of multimillion-volt particle accelerators, an increasing 
need for revision of existing dosage units was recognized. The roentgen 
as a unit of gamma or X-radiation was found to be inadequate at energies 
above 3 Mev. The International Commission on Radiological Units 
ICRU) at its meeting in London in July, 1950, recommended that an 
energy-absorption unit be used above 3 Mev. The Commission's detailed 
recommendations on units, dose measurements, and instrumentation were 
released on January 1 and are presented below: 


Units 


I. For the correlation of the dose of any ionizing radiation with its biological or 
related effects, the ICRU recommends that the dose be expressed in terms of the 
juantity of energy absorbed per unit mass (ergs per gram) of irradiated material 
t the place of interest ‘Energy absorbed”? means the energy imparted to the 


material by ionizing particles at the place of interest. 


2. Inasmuch as calorimetric methods are not usually practicable, ionization meth- 
ods are generally employed. For this purpose, the quantity which must be meas- 
ired is the ionization produced in a gas by the same flow of corpuscular radiation 
as exists in the material under consideration. The energy, F,, imparted to unit 
mass of the material, is then essentially related to the ionization per unit mass of 
gas, Jm, by the equation: 
En = Wala 

where W is the average energy expended by the ionizing particles per ion pair 
formed in the gas, and s is the ratio of the mass stopping power of the material to 


that of the gas 


3. Since the calculation of the dose in absolute energy units from measurements 
of ionization requires a knowledge of the parameters W and s as well as variables 
characterizing the radiation and the irradiated material, the ICRU is of the opinion 
that tables of the best available data should be prepared as soon as possible and 


held under continual revision 


4, The Commission considers that the roentgen, in view of its long established 
isefulness, should continue to be recognized as the unit of X- and gamma-ray 
quantity or dose and that its definition remain unchanged. 
The roentgen shall be the quantity of XY- or gamma radiation such that the 
associated cor PuUs¢ ilar emission per OO01T 293 gram of air produces, in 
air tons carrying 1 electrostatia unil oO} q iantity of electricity of either 
ig? Note: 0.001293 gram is the mass of 1 ce of dry atmospheric 


air at O° C and 760 mm of mereury pressure 


5. It becomes increasingly difficult to measure the dose in roentgens as the quan- 
tum energy of the X-radiation approaches very high values. The unit may, how- 
ever, be used for most practical purposes for quantum energies up to 3 Mev. 
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:'s Note: The International Commission on Radiological Units is com- 

of not more than twelve members. They are chosen on the basis of their 
zed activity in the field of radiological units and standards, without 
to nationality, and include at least three medical radiologists and three 
s. The choice of chairman of the group is not necessarily limited to 
nembers 


‘RU members who prepared the recommendations here set forth are as 


W. V. Mayneorp, Chairman, Great Britain 


S. Tayior, Secretary, U. S. A G. C. Laurence, Canada 
Binks, Great Britain R. R. Newer, U.S. A. 
Couiez, France W. J. Oosterkamp, Holland 
Exiiis, Great Britain B. Rasewsky, Germany 
Fama, U.S. A. R. Sievert, Sweden 

H. Ho_tuusen, Germany A. Tivout, Italy 











ICRU does not recognize the use of special names or symbols for quan- 


tities which are merely multiples of the fundamental unit. (This does not preclude 


the use of generally used prefixes such as kilo-, milli-, ete. 


7. The ICRU recommends that the curie be used for the measurement of radio- 
active materials and that the definition be as follows: 
The curie is a unit of radioactivity defined as the quantity of any radio- 
active nuclide in which the number of disintegrations per second is 
$700 XK 10" 
This definition is in accordance with the definition of the curie adopted by the 
Joint Commission on Standards, Units and Constants of Radioactivity of the 
International Council of Scientific Unions. 
The Commission notes that when the curie is defined in this way the only point 
‘vision which could arise would be the number of curies in 1 gram of radium. 
It is very improbable that this number would differ from unity by an amount of 
clinical significance, though the distinction would clearly have to be taken into 
account in accurate radium standardization. 
8. It is suggested that the gamma-ray emission be expressed in terms of — 
at 1 cm from a point source. As this quantity is different for every isotope, the 
Commission will undertake the compilation of data relating to the gamma-ray 
emission of radioactive isotopes. 


9. The ICRU requests the national standardizing laboratories to set up, inter- 
change, and compare standards of X-rays, gamma rays and radioactive isotopes, 
maintain close contact with each other, and generally by every means within their 


power further the improvement of methods of standardization. 


X-ray Treatments 
The ICRU agreed to postpone revision of this section; their recommendations, as 


reviewed in 1937, the refore , remain as follows: 


10. In the description of the conditions of X-ray treatments, distinction shall 
be made between the quantity of radiation measured in air and the quantity of 
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the symbol, r, is 





rved for the unit, the amount of the dose may be designated by the letter D 
Phe use of subscripts is suggested to distinguish dosage measurement ma le under 
lifferent conditions: e.g., in free air, D; at the 8 irface of the skin (including back- 

itter Do, ete For exan pie, in a hypotheti il case of medium X-rays 
The dose measured in air D equals 300 1 
The dose measured at the surface, Dy equals 500 1 
Phe dose measured at 2 em lept! Db equals POO 1 
Vote: Dis not to be confused with the energy actually absorbed by the tissue 


HW. The specifications of the conditions of X-ray treatments shall include: 





Quantity. Quantity of radiation (expressed in roentgens) estimated to have 
’ een received by the lesion 

: Quality. 
i a) The spectral energy distribution of X-radiation shall be designated by 
|| ol suitable index called quality For most medical purposes, it is sufficient to 
| trie quality of the X-radiation by the half-value laver in a suitable material: 
| Upto 20 kv (peak) cellophane or cellone; 20-120 kv (peak) aluminum; 120-400 ky 
H i Peuk opper: 400 kv and up peak tin For a more definite specication of the 
} tv of the radiation. the complete absorption curve in the same material is 
; bole 

b) Material and thickness of filter, including tube walls 


Parget materia 
Technique. 
1) Total quantity of radiation per field (incident and emergent) received 
: n entire course of treatment 


a) h Quantity ol radiation pel field mic isured at the surface D at each 
j hel dual irradiation 
Dosage rate expressed in r min during each individual irradiation 
Total time over which a course of treatments 1s spre id 
¢) Time interval between successive doses 
f) ‘Target-skin distance 


g) Number, dimensions, and location of the ports of entry 


Gamma-ray Treatments 


12. Phi specitiention of the conditions of gamma-ray treatments should, where 
po { nelude statements of 


Quantity. Total quantity Of T idiation expre ssedd in roe ntgens estimated 


bi to | e been received by the lesion 
Particulars of Radioactive Source. 
1) Total amount and nature of radioactive substanes emploved expressed 
} ilent gram of radium element 
b) Type, number, and distribution of the containers 
Material and thickness of filters and the nature of the material ex- 
teri 1\ idjacent to the skin 
Technique. 
a In the case of surface appiucators of large radium units,’’ the quantity 
of radiation per field at the surfac 
b) Dosage-rate during each indi lual irradiation 
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RADIOLOGICAL PROTECTION — 
International Commission Recommendations 


The increase of biological knowledge associated with the practical appli- 
cations of nuclear physics has not only brought a realization of the impor- 
tance of certain effects of ionizing radiations, particularly carcinogenic and 
genetic effects, but has also provided more information on permissible levels 
of radiation. Meeting in London in July, 1950, the International Com- 
mission on Radiological Protection (ICRP) therefore adopted new radiation 
safety standards with more rigid criteria. These standards, released on 
January 1, contain many important recommendations, the majority* of which 
are presented below: 


IN virw of the still limited experience where effects of radiation are concerned, the 
following standards must be kept continually under review 
The effects to be considered are: 
1) Superficial injuries. 
2) General effects on the body, particularly the blood and blood-forming 
organs, e.g., production of anemia and leukemias 
Induction of malignant tumors. 
Other deleterious effects including cataract, obesity, impaired fertility 
and reduction of life span. 
5) Genetic effects 


While it is still fundamental to express whole body exposure in terms of a single 
number, it is not practicable, in general, in view of the complexity of circumstances 
now arising, to express the maximum permissible hazards in terms of a single 
parameter. It is, for example, highly desirable to derive values of maximum 
permissible concentrations of radioactive materials, in the air or in drinking water, 
taking into account the metabolism of the materials concerned, and assuming 
standard anatomical, physiological and chemical data. Furthermore, the pre- 
viously accepted value of 1 roentgen per week for maximum permissible exposure 
to external radiation itself needs revision in the light of the nature of the radiations 
to which workers are now exposed. There is the added difficulty that the roentgen 
is not an acceptable unit of dose for all ionizing radiations. Accordingly, the 
following recommendations are based on considerations of the equivalent energy 
absorbed in tissue coupled with the appropriate relative biological efficiency. 


While the values proposed for maximum permissible exposures are such as to 
involve a risk that is small compared to the other hazards of life, nevertheless in 
view of the unsatisfactory nature of much of the evidence on which our judgments 
must be based, coupled with the knowledge that certain radiation effects are ir- 


* Re mmendations 23-28 concerning electrical precautions in X-ray rooms have been omitted 
1use of their limited interest to NUCLEONICS’ reade-s 
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reversible and cumulative, it is strongly recommended that every effort be made 


to red ce exposures to all tvpes of tonizi 


radiations to the lowest possible level 


Exposure fo External Radiation 


J, Exposure of individuals to X-, gamma, and beta radiation. 

a) Whole body exposure \ careful consideration of the deleterious biological 
effects previously enumerated, in the light of observations on man and of the 
experimental data on animals, has led to the conclusion that, insofar as the well- 
being of the individual is concerned, the most dangerous effects of external radia- 

* tion are probably those on the blood-forming organs. Although the dose to these 
irgans is regarded as a fundamental quantity, for practical reasons the maximum 
permissible exposure is best stated in terms of the surface dose per week. The 
1 figure of 1 roentgen per week previously adopted by the International X-ray and 
Radium Protection Commission seems very close to the probable threshold for 


idverse effects, particularly for radiations of high energy which are more frequently 








encountered than formerly \ reduction of surface dose is therefore called for 
} It is recommended that: 
| {) In circumstances under which the whole body may be exposed over an indefi- 
nite period of X- or gamma radiation of quantum energy less than 3 Mev, 
| the maximum permissible dose received by the surface of the body shall be 
} 0.5 roentgen in any one week. This dose corresponds to 0.3 roentgen per 
week measured in free au 
A ’) In the case of high-energy beta rays, the maximum permissible exposure of 
the surface of the body in any one week shall be the energy flux of beta 
j radiation such that the absorption per gram of superficial tissues is equivalent 
i to the energy absorption from 1.5 roentgens of hard gamma rays. For 
i purposes of calculation, the superficial tissues concerned shall be assumed to 
be the basal layer of the epidermis, defined conventionally as lying at a depth 
corresponding to 7 mg/cm? 
b) Critical Ussues The recommendations relating to exposure to external 
radiation are primarily framed in relation to « xposure of the whole body. Never- 
theless, a greater exposure should not be permitted for irradiation confined to a 
parth ular organ or tissue, except in the case of the hands and forearms. Measure- 
ments may be made either in air or at the surface of the body with backscatter, 
ind it is estimated that the surface dose of 0.5 r of penetrating electromagnetic 
| radiation would correspond roughly to 0.3 r at the critical tissue, namely, the 
: 


Kpiror'’s Note: The International Commission on Radiological Protection, 
constituted like the International Commission on Radiological Units, is also 
composed of not more than twelve members They are recognized, active 
iuthorities in the fields of biology, radiation protection, physics, biology, genetics, 
biochemistry and biophysics 


The ICRP members who prepared the recommendations here set forth are as 


follows 
E. Rock Carine, Chairman, Great Britain 
L. S. Taytor, Acting Secretary, U. S. A R. G. JAEGER, Germany 
W. Binks, Great Britain W. V. Mayneorp, Great Britain 
E. L. Cuérioié, France R. R. Neweu, U.S. A. 
A. J. Cipriani, Canada R. SrevertT, Sweden 
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blood-forming organs, conventionally assumed to lie at a depth of 5 em below the 
This figure of 0.3 r is the fundamental figure which is thought appropriate 
irradiation of any critical tissue, with the one obvious exception of the skin. 
Partial exposure. It is recommended that in the case of exposure of the hands 
forearms to X-, gamma, and beta radiation, the maximum permissible dose 

hall be 1.5 r (or its energy equivalent) in any one week at the basal layer of the 
epidermis, defined conventionally as lying at a depth corresponding to 7 mg/em.? 


2. Whole body exposure of individuals to neutrons. 

‘he ICRP considers that the maximum permissible energy absorption per gram 
of tissues exposed to fast neutrons should not be greater than one tenth of that 
permitted for high-energy quantum radiation. The Commission is collecting 
data as a basis for future numerical recommendations. 


Exposure to Internal Radiation 


3. While the Commission does not, at the moment, consider that there is sufficient 
information to make firm recommendations concerning maximum permissible 
exposures to internal radiation from radioactive isotopes, it brings to the notice 
of users of radioactive isotopes values which are commonly used, at the present 
time, in the United States of America, Canada and Great Britain. 

These values appear in a supplementary document prepared by the Commis- 
sion.* The Commission will continually review these values as new information 


becomes available, and will, if necessary, circulate amended values 


Working Conditions 


4, The following conditions are recommended for radiation workers: 

a) The amount of radiation received by operators should be systematically 
checked to insure that the maximum permissible dose is not exceeded. For this 
purpose, photographie films or small ionization chambers should be carried on the 
pe rson 

b) In addition, radiation workers should be systematically submitted, both 
on entry and subsequently, to expert blood examinations every three months, and 
to medical and general examinations once a year, special attention being paid to 
the hands. These examinations will determine the acceptance, refusal, limitation 
or termination of occupation involving radiation exposure. 


General X-ray and Radium Recommendations 


§. All rooms should be provided with adequate ventilation. For rooms of nor- 
mal dimensions, say 3,000 cubic feet (90 m’), in which corona-free apparatus is 
installed, the ventilating system should be capable of renewing the air of the room 
not less than six times per hour, while up to ten times may be required when the 
apparatus is not corona-free. 

6. All rooms should preferably be decorated in light colors. 

7. A working temperature of about 18°-22° C (65°-72° F) is desirable in X-ray 


rooms 


Will be published in the February NucLeontics 


Continued on next page) 
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8. X-ray rooms should be large enough to permit a convenient lay-out of the 


equipment \ minimum floor area of 250 sq ft (25 m?*) is recommended for X-ray 
and 100 sq ft (10 m?*) for darkrooms. Ceilings should be not less than 11 ft 

3.5m) high 

9. Higt tension generators having exposed high-tension systems should prefer- 


ibly be placed in a separate room trom the X-ray tube 


X-ray Protective Recommendations 


10. An X-ray operator should on no account ex pose himself to a direct beam of 
\-ravs 

HW. An operator should place himself as remote as practicable from the X-ray 
tute It should be borne in mind that valve tubes are capable of producing 
X-ra 


12. The X-ray tube should be self-protected, or otherwise surrounded as com- 


pletely as possible with protective material of adequate lead equivalent. 


13. Barriers of protective material against primary and secondary radiation 
should be erected and should be of sufficient thickness to reduce the radiation 


it any point ol occupancy to the permissible levels stated above 


Diagnostic Work 
14. In the case of diagnostic work with other than complete ly protected tubes, 
the operator should be afforded additional protection from stray radiation by a 


creen of a minimum lead equi alent of 1 mm 


15. Screening examinations should be conducted as rapidly as possible with 
im intensities and apertures, particularly when fractures are reduced under 


\-ravs Palpation with the hand should be reduced to the minimum. 


16. ‘The lead glass of fluorescent screéns should be of sufficient thickness to reduce 


the radiation to the permissible level 


17. In the case of screening stands, the fluorescent screen should, if necessary, 
be provided with a protective ‘‘surround,” so that adequate protection against 


direct radiation is afforded for all positions ol the screen and diaphragm 


18. Screening stands and couches should provide adequate arrangements for 


protecting the operator against scattered radiation from the patient. 


19. Protective gloves, which should be suitably lined with fabric or other mate- 
rial, should have a protective value of not less than '4 mm of lead throughout both 
back and front (including fingers and wrist Protective aprons should have a 


minimum lead value of 4s mm 


Treatment 


20. In the case of X-ray treatment, the operator 1s best stationed completely 
outside the X-ray room behind a protective wall, the lead equivalent of which 
will ce pend on the circumstances In the case of a single X-ray tube excited by 
voltages up to 200 kv, the protective wall should have a minimum lead equivalent 
of 2mm. This figure should be increased in the case of higher exciting voltages 


or of heavy tube-currents so as to reduce the radiation at any point of occupancy 
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to the agreed permissible level. In such event the remaining walls, floor and 
ceiling may also be required to provide supplementary protection for adjacent 
occupants to an extent depending on the circumstances. Full protection should 
be provided in all those directions in which the direct beam can operate. Inspee- 
tion windows in screens and walls should have protective lead values equivalent 
to that of the surrounding screen or wall. 


2]. In those cases in which an X-ray tube is continuously excited, and treatment 
periods are regulated by means of a shutter, some form of remote control should 
be provided for the shutter, to insure that the operator is not exposed to direct 
radiation while manipulating the shutter or filter. 

22. I:fficient safeguards should be adopted to avoid the omission of a metal filter 
in X-ray treatment, for example, by an interlocking device or by continuously 
measuring the emergent radiation. Protective screens and applicators (cones) 
used in treatment to define the ports of entry of X-ray beams should be sufficiently 
thick to reduce the dosage-rate outside the direct field of irradiation to less than 


2°) that of the direct beam. 


Film Storage Precautions 


29. The use of nonflammable X-ray films is strongly recommended. In the case 
of flammable films, suitable precautions should be taken as regards their use and 
storage. Large stocks should be kept in isolated stores, preferably in a separate 


building or on the roof. 


Radium Protective Recommendations 


Radium Salts 

30. Protection for radium workers is required from the effects of beta rays upon 
the hands, and gamma rays upon the internal organs and vascular and reproductive 
systems 

31. To protect the hands from beta rays, reliance should be placed on distance. 
The radium should be manipulated with long-handled forceps, and should be 
carried from place to place in long-handled boxes, lined on all sides with at least 
1 cm of lead. All manipulations should be carried out as rapidly as possible. 


32. Radium, when not in use, should be stored in a safe as distant as possible 
from the personnel. It is recommended that the safe should be provided with a 
number of separate drawers individually protected. 

33. A separate room should be provided for the ‘‘make-up”’ of screened tubes and 
applicators, and this room should only be occupied during such work. 

34. To protect the body from the penetrating gamma rays during handling of 
radium, a screen of not less than 2.5 cm of lead should be used, and proximity to 
the radium should only oecur during actual work, and for as short a time as possible. 
35. The measurement room should be a separate room, and it should preferably 
contain the radium only during its actual measurement. 


36. Nurses and attendants should not remain in the same room as patients 


undergoing radium treatment with quantities exceeding 14 gram. 
(Continued on next page) 
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37. All unskilled work, or work that can be learned in a short period of time, 
should preferably be carried out by temporary workers, who should be engaged 
on such work for periods not exceeding six months. This applies especially to 
nurses and those engaged in ‘‘making-up”’ applicators 

38. Radium containers should be tested prt riodically for leakage of radon. Prej- 
udicial quantities of radon may otherwise accumulate in radium safes, ete., con- 
taining a number of leaky containers 

39. Information regarding the quantity of radium and type of transport con- 
tainer, which will be accepted for transmission by land, sea or air, should be ob- 
tained from the appropriate transport authorities in the individual countries. 


Radon 


40, In the manipulation of radon, protection against beta and gamma rays is 


required, and automatic or remote controls are desirable 


4]. Handling of radon should be carried out, as far as possible, during its rela- 


tively inactive state 


42. Precautions should be taken against excessive gas pressures in radon plants. 


The escape of radon should be very carefully guarded against, and the room ir 
which it is prepared should be provided with an exhaust fan controlled from outside 


43. Where radon is likely to come in direct contact with the fingers, thin rubber 
gloves should be worn to avoid contamination of the hands with active deposit. 


Otherwise protective measures recommended for radium salts should be carried out. 


44. The pumping room should preferably be contained in a separate building. 
The room should be provided with a connecting tube from the special room in 
which the radium is stored in solution. The radiurn in solution should be heavily 
screened to protect people working in adjacent rooms. This is preferably done by 
placing the radium solution in a lead-lined box, the thickness of lead recommended 


Deng ace ording to the table below - 





Thickness of Lead in Centimeters to Give Weekly Maximum Permissible Dose 


Distances from the Sou ree 
Quantuy of 


radium tn grams 


(O56 mm Pt screen) Zui em 5O em lm fm bn 
0.1 10.0 6.0 3.5 1.0 0 
= 11.5 2.8 .5 2~.Q ) 
0.5 13.5 9.5 6.5 1.0 0.5 
1.0 15.5 11.0 S.0 5.0 1.5 
9 0 16.0 12.5 9 5 6.5 $.0 
5.0 18.0 14.5 11.5 8.5 4.5 
10.0 19.5 16.0 13.0 10.0 6.0 





Radium-Beam Therapy 


4§. The risks to the operator attendant on the use of large quantities of radium 
in radium-beam therapy may be largely obviated if some system of remote control 
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is adopted by which the radium is only introduced into the ‘‘bomb”’ after the 
latter has been adjusted in position on the patient. If such arrangements are not 
available, the importance of expeditious handling is stressed. 


46, Rooms used for radium-beam therapy should provide adequate protection for 
adjacent wards and rooms in permanent occupancy. The preceding table gives 
the lead thickness required to insure that the maximum permissible level is not 
exceeded. Data may conveniently be represented in a nomograph showing 


imounts of radiation through lead barriers at different distances from the source. 
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Radiological Units (Continued from page 30) 





c) Total time over which a course of treatments is spread. 

d) Time intervals between successive irradiations 

e) In the case of surface applicators or ‘‘large radium units,” the radium- 
skin distance. 

f) Number, dimensions, and situations of the ports of entry. 


Instruments 


13. The following types of apparatus are suggested as suitable for the measure- 
ment of quantity in roentgens: 

a) X-ray Primary Standards. The free-air chamber shall be used for free- 
air measurements for all wavelengths down to the practical limit set by the con- 
sideration that the chamber must be of such width and length that the full ioniza- 
tion produced by the corpuscular emission from air is measured in accordance with 
the definition. An air-wall chamber which meets the requirements of the definition 
may be used for harder radiations. 

b) X-ray Practical Instruments. The air-wall chamber may be used for 
clinical measurements of X-ray quantity over the entire voltage range. 

c) Gamma-ray Standards and Practical Instruments. The air-wall chamber 
may be used for the measurement of primary or scattered radiation, or a com- 


bination of both. 


14, Instruments used to measure radiation quantity or dosage may conveniently 
be called dosemeters and dosage-rate (or dose-rate) meters, respectively, and shall 
be calibrated in roentgens or roentgens per minute. 


15. The calibration readings of dosemeters and dosage-rate meters should be 
independent of the wavelength within range for which they are designed or used. 


16. Dosemeters and dosage-rate meters should be provided with suitable ar- 
rangements (e.g. standard radium source, Bronson leak, or capacity-sharing device) 
for checking the reproducibility of their readings. 

17. The calibrations of dosemeters or dosage-rate meters should be tested periodi- 
cally by a recognized testing laboratory over the range of wavelengths for which 
thev are designed or used, 

18. The national standardizing laboratories shall be invited to undertake stand- 
ard measurement and the calibration of dosemeters relative to all forms of radiation 


therapy to which these recommendations may apply. They shall also be invited 


to issue joint reports from time to time thereon. —END 
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PROPORTIONAL COUNTERS—III 


Electronic circuits designed for use with proportional counters 
must meet certain limitations imposed by the pulse character- 
istics of the counters. The required circuits are discussed 


By SERGE A. KORFF 


Department of Phisics, New York University 


Vew York, ! 


IN PREVIOUS ARTICLES* the action of 
proportional counters and the inter- 
pretation of results obtained with them 
} e been discussed. These counters 
ire usually used in conjunction with 
electronic circuits, which will be briefly 
reviews d here 

The purpose of electronic circuits 
ised with proportional counters is to 
render the pulse of the counter into a 
quantity capable of operating the de- 
vice for presenting or storing the data 
Before discussing some possible circuits, 
it is logical, therefore, to describe the 
pulse and the required circuit charac- 


teristics first 


Pulse Characteristics 


The pulse produced by a counter» 
whether it is operating in the propor- 
tional or Geiger region, has certain well- 
defined characteristics. Starting from 
zero, it rises abruptly to a maximum 
value and then falls off back to zero at a 
slower rate. The general shape is 
shown in Fig. 1 

The time seale is different for various 
circumstances In a Geiger counter 
the rise occurs In &@ few microseconds, 
and the decay takes perhaps one or two 
hundred microseconds. The amplitude 
in the ease of a Geiger counter is deter- 


ined by the ove rvoltage, and can be 


* Part I of this article appeared in the June 
1950, Nucrieonics, page 5; part II in the 
November, 1950, NUCLEONTCS, page 46 
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anything between a volt and two or 
three hundred volts. In a proportional 
counter, everything is diminished; the 
rise is very fast, usually a small fraction 
ol a microsecond, and the recovery 
ranges, depending on the operating 
conditions, from a microsecond to many 
microseconds. The voltage attained 
depends on the gas-amplification and 
the number of electrons liberated in the 
initial ionizing event. If, for example, 
there are 10‘ electrons formed in the 
initial ionizing event, as there might 
be in counting protons or alpha par- 
ticles by the proportional technique, 
and if the gas amplification is 10%, then 
there will be 10’ electronic charges 
arriving on the collecting electrode. If 
the capacity of the system is, for exam- 
ple, 10 uf, then the pulse will have an 
amplitude of around 0.16 volt. The 
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FIG. 1. General shape of pulse from 
either Geiger or proportional counter. 
Scales can vary by factors of 100 in Geiger 
region; by more than this in proportional 
region 
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limits on possible pulse sizes would thus 
10-4 volt, for the case of 
small gas amplification and only a few 


lie he tween 
ions, up to a volt or more. 


Frequency Response 
The circuit to which the pulses are 
should frequency 
characteristic such that it will accept 


presented have a 
and preferentially amplify pulses of the 
described. To minimize pickup 


disturb- 


type 


and sensitivity to undesired 
ances, the circuit should preferably be 
Fre- 


as used here means the time- 


insensitive to other frequencies. 
que ri N 
characteristic or Fourier distributions 
of each individual pulse itself, and not 
the number of such pulses per unit time 
recorder. This latter 
quantity will be called a counting rate, 


arriving at the 


or a repetition rate, and will be dis- 
cussed later. 

The then, 
pulses which are between 1074 and 1 


amplifier must, accept 
olt in amplitude, or, for even greater 
fiexibility, between 107-5 and 10 volts, 
which have fast rises and slower decays, 
and must transform such pulses into 
whatever larger pulse is required to 
The 
data may be presented to the observer 
each individual count 
indicated by itself, the counts scaled 


operate the presentation device. 


in three ways: 
down by factors of two or ten, or the 
counting rate as determined by integrat- 
ing devices such as counting-rate meters 
which determine the number of pulses 
per unit time. The individual presen- 
tation may be visual, by flashing a lamp 
or neon bulb, or aural, by a buzzer or 
loud-speaker, or the pulse may be dis- 
Only 


played on an oscilloscope screen. 


the amplifiers between the counter and 
the presentation device are considered 


in this article. 

The counter wire is usually operated 
at a positive potential and collects elec- 
trons, so that a negative pulse results. 
amplifier, 


A conventional two-tube 


therefore, will also produce a negative 
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FIG. 2. (A) Connection for taking pulse 
from counter wire. (8) Connection for 
taking pulse from cylinder 


If a 
pulse is desired, a three-stage amplifier 
may be used with slightly less gain per 
stage. Alternatively, the pulse may 
be taken from the cylinder instead of 
from the wire, although this procedure 
desirable, for the distributed 
capacity of this greater. 
Typical connections are shown in Fig. 2. 

The next thing to consider is the 
effect of the time constant (RC) of the 
The wire of the counter 


output pulse positive output 


is less 


system is 


input circuit. 
is usually connected directly to the grid 
of the first tube. The potential of this 
grid with respect to the cathode is 
usually controlled by a resistance be- 
or without a bias 
If the high voltage 


available happens to be a source with 


them, with 


battery in series. 


tween 


grounded negative and positive high 
voltage, a blocking capacitor must be 
inserted in the grid-line. This is shown 
in Fig. 3. The capacitor must be able 
to withstand the entire maximum high 
voltage and preferably very much more. 
This is an extremely important factor, 
much more so than is often realized, for 
a poor capacitor can develop tiny leak- 
age-pulses across its surfaces or through 
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FIG. 3. Connections for 
positive high-voltage supply. 


operating on 
Circuit in 





Fig. 2A is used for negative high-voltage 
operation 

i 
t erior Which give spurious pulses 
r to the amplifier ind which are often 
: recorded as Spurious counts The 
' ipacitor must not add appreciably to 
i the distributed capacity of the wire 
ii ystem: otherwise a longer time con- 
1 tant and a slower recovery ts inevitable 


the distributed capacity of the 


re and the grid of the first tube at 


sten wut, (10~!'' farads) and with 


resistance of 10° to 10 


ohms, the 


central-wire system will have a time 


constant of O.1 to 1 Such sys- 


Msec 
tems are usual in proportional counte! 


operation This represents the prac- 


t il range, for if the resistance is made 
ich less than 104 ohms, the pulse will 
be very small; if larger than 105, the 
time constant will be unnecessarily 
| lengthened The capacity is about as 
ill as is practical, for careful design 
vill usually only reduce it by a few Mul 

il | not hy factors of ten or more. 
Phe coupling capacitor, iW one is used 
} at all, should be of this same order; it 
q should not be 100 wuf or more unless 
it is Known in advance that the counte1 
. Will always be operated at slow counting 
rates If the first coupling capacitor 


is small 


be larger, 


subsequent capacitors should 
or otherwise the pulse will be 
differentiated in later stages 

The lrequency-response of the amplhi- 
fier should le to 10% eveles 
on the 10’ to 
10° cycles on the high-freque ney side 
A great deal of 
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between 10 


low-frequency side and 


trouble, including 60- 





evel pickup, can be avoided if the 
unplifier is sensitive only between these 
limits The 

by the values of the coupling « ipacitors 


ind resistors The 


lower limit is determined 


high limit is auto- 
matically determined by intere lectrode 


tube ¢ ipa ities 


Cathode Followers 
been 
i cathode follower between the 


and the 


It has often found useful to 
employ 
amplifier. In 


counter 


wire 


this device, the grid of a triode is con- 
nected to the counter wire and the plate 
to the B* supply; the pulse output to 
the next stage is taken from the cathode. 

The cathode 
viewed solely 


ing device 


follower is usually 
as an impedance-match- 
However, its use Is espe- 
cially important if a long line connects 


e counter to the rest of the eireuit 


t 
reflections of the 
Cathode 


are often operated at a gain of unity as 


Since it will prevent 
pulse in the line followers 
in upper limit; the amplifier is relied 
upon to pro\ ide the desired increase in 


pulse size. 


Amplification 


Since the minimum pulse-size is 10~4 


volt or thereabouts and may be much 


larger up to a volt more eXCeSSIVE 


sensitivity is not required. This is a 


fortunate circumstance, tor it means 


that the elaborate precautions needed 


in operating high-gain amplifiers to 
detect pulses just above the noise limits 
are not necessary. Since the presenta- 


tion devices usually operate on input 
pulses of a volt or so, an amplifier con- 
sisting of two stages, ¢ ach with a gain of 
100, is sufficient. 
be cut far below this amount. 


be so small, 


Indeed, the gain can 


Since the input pulse can 
the tubes in the amplifier, especially 
the first tube, must be operated on the 
sloping portion, prete rably the steepest 
the I -I, This 


with Geiger counters, 


portion, of curves 


is not the case 


large enough that 


where the pulse Is 
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FIG. 4. 


second stage and adjustable grid-bias controls. 


grid of the first tube may be con- 
nected (through the grid resistor) to 
and the several volts needed 
tube to full cut-off will be 
provided by the 


cathode, 
to drive the 
counter. It is neces- 
sary, therefore, to determine the operat- 
ing potential of the grid of each tube. 
This can be done directly by using a 
potentiometer in the grid circuit of each 
ind adjusting the plate current 
the most rapidly-varying point in 
the excursion of the meter. 

Self-biasing the tubes is also possible. 
In this case, however, it should be borne 
in mind that if the pulse presented to 
the first tube happens to be large, the 
linear. A gain- 
control is therefore useful, and should 
be included. A> typical arrangement 
is shown in Fig. 4a, which shows a two- 


response will not be 


stage amplifier using pentodes, with 
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Amplifiers for use with proportional counters. (A) 


With gain control in 
(B) With cathode biasing resistors 


gain control in the second stage. In 
this diagram, each grid potential is 
Fig. 4b, 
the circuit is modified by using cathode 


individually adjustable. In 


resistors. In this case the advantages 


of degeneration can also be secured, 


Pulse Size Measurements 

The usual purpose of using a propor- 
tional counter is to count certain par- 
ticles and not count others. For exam- 
ple, it is often desired to count protons, 
or neutrons, in the presence of a con- 
flux of gamma 
In other cases the 


siderable background 
rays or electrons. 
size of the pulse which a given event 
This information is 
important in deter- 
minations. To obtain this data, (a) 
some means should be provided for 
calibrating the size of the pulse, and 
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causes is desired. 
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FIG. 5. Integrating circuit or counting-rate meter 


bh) «a biasing arrangement should be 
provided to cut out pulses differing. in 
size from the desired ones In prac- 
tice, this usually means rejecting the 
smaller pulses, but it might also require 


liminating the large ones 


Calibration of pulse sizes can readily 
be accomplished with the aid of an 
oscilloscope and a small pulse generator 
Such a pulse generator can consist of a 
single small dry-cell and a resistance 
voltage divider, together with a posi- 
tively-acting switch such as a mercury 
switch The known pulse is fed to the 
OS¢ illoscope and the deflection Is noted 
The gain settings are then left fixed and 
the unknown pulses are fed in. Some 
Os illoscopes are already calibrated, in 
which case they can be used directly 

The second requirement, namely the 
veceptance of pulses of only a particular 


size and the re jection of others, involves 


pulse-size discrimination. Diserimina- 
tion is most easily achieved by control- 
ling bias This can be most effectively 


controlled after some amplification has 
taken place kor example, since the 
second tube of the amplifier under dis- 
cussion operates on positive pulses, this 
tube can be biased negatively beyond 
eutot If it were biased ly volt beyond 
cutoff, a positive pulse less than }4 volt 
in amplitude would produce no effect, 
while a larger one would be passed 
The grid-bias control shown in Fig. 4 
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will accomplish this. Alternatively, 
some workers preter to follow the amplhi- 
fier by a stage consisting of a biased- 
diode “skimmer,” which again serves 
to reject pulses of any desired size. 

Rejection of pulses larger than a 
viven size is a& more complex problem 
It can be solved by having a stage sensi- 
tive only to these large pulses: the out- 
put of this stage applies a negative pulse 
to the counting circuit, rendering it 
insensitive when such large pulses arrive 


so that they are not recorded. 


Counting-rate Determinations 

To determine the number of counts 
per unit time, it is necessary both to 
record the number of counts and to 
measure the time interval. One simple 
procedure is to arrange an_ electric 
clock to actuate the recorder for an 
assigned period In this case the out- 
put of the amplifier is fed directly to 
the recording circuit, and the clock 
permits the recorder to operate. 

At high counting rates, sealing cir- 
cuits are useful. These circuits divide 
the number of counts by some con- 
venient number. Usually either binary 
scalers, which seale down the num- 
ber of counts by factors of two, Le., 
2,4,8,16,32, etc., or decade scales, which 
employ factors of ten, are used. Such 
circuits have been described in detail 
elsewhere (see the bibliography) 
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FIG. 6. Regulated high-voltage supply, 
variable and adjustable, but stable 


\lternatively, counting rates can be 
determined directly by an integrating 
called a counting-rate meter. 
These devices present the counting-rate 
pointer-reading. They 
operate by using a “one-shot” biased 
produce large and 
equalized pulses, which are stored on a 
“tank circuit.”” A high 
resistance and a microammeter are then 


circuit, 
directly as a 
multivibrator to 
capacitor in a 
connected across this capacitor, and the 
a quantity proportional 
to the number of counts per unit time 


A typical 
counting-rate meter circuit is shown in 


meter reads 


arriving on the capacitor. 
Fig. 5. 


Voltage Stabilization 


In operating proportional counters, 
stable supply voltages are essential. 
This requirement is much more critical 
than it is in operating Geiger counters. 
The gas amplification, and also the 
characteristics of the amplifying cir- 
cuits, depend on constant voltages. A 
varying high-voltage supply can cause 
a proportional counter to count the 
wrong type of particles entirely. 

Both the plate and filament voltages 
of the amplifier should be stabilized. 


The procedure usually found satisfac- 


tory for this purpose is to employ an 
a-c voltage regulator, followed by a 
power supply with the conventional 
voltage-regulator tubes. 

The stabilization of the high voltage 
is also extremely important. This too 
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can be preceded by an a-c regulator. 
The requirements for stable high volt- 
age are somewhat different from that 
of a stable plate supply since there is 
very little current drain. A_ typical 
adjustable stabilized high voltage sup- 
ply is shown in Fig. 6. It is shown 
connected to provide negative high 
voltage and grounded positive. If a 
positive high voltage is desired, the 
transformers supplying all voltages, 
including heater currents, must be in- 
sulated to withstand the full voltages, 
and then the ground is moved from the 
positive to the negative terminal. In 
operation, the grid controls on the 
6SJ7 are so adjusted that the tube does 
not control; then the variable trans- 
former in the primary circuit is ad- 
justed so that the output is a trifle 
higher than the desired voltage; and 
finally the grid potential of the 6SJ7 is 
varied until the tube takes control and 
reduces the output voltage to the 
desired value. 

Many regulated, stabilized voltage 
supplies are on the market at the pres- 
ent time. A number of other circuits, 
or modifications of the ones shown, are 
also possible 
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ERRATUM 
In Part II of this article (NU, Nov. ’50, 
p. 49), Eq. 6 was incorrect. It should 
have been: 
n = (a — b)/0.86 
c (9.65 — a)/8.6 














Design Characteristics of 
AIR PROPORTIONAL COUNTERS 


An optimum design was determined by using a variable- 
dimension counter and by studying flux distributions. Use 
of proportional counters for beta-gamma work is considered 


By ADDISON C. SHECKLER 


General Electric Company, Syracuse, New York 


\MIANY SIZES AND SHAPES of proportional 
counters have been built in the past 
Varied claims have been made for their 
relative efficiencies, and very little in- 
formation could be obtained from past 
studies except that multiple-wire pro- 
portional counters are, in general, more 
desirable than single-wire ones With 
this in mind, two research programs 
were instituted here 

The first consisted of building a 
proportional eounter so designed that 
all of its dimensions were variable. By 
varying one dimension at a time and 
plotting the output count against the 
varied dimension, several conclusions 


were reached, First, the depth of 
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FIG. 1. Counting efficiency as a function 
of chamber depth 


ag 


the proportional-counter chamber ap- 
proaches an optimum at somew here 
around lem. This is shown in Fig. 1, 
where the depth is plotted against the 
count for a constant potential and also 
for the maximum potential that could 
be applied without corona. Second, it 
was found that the sensitivity of a 
multiwire proportional counter using 
air as a filling gas changes sharply with 
the geometric relationship between the 
ionizing event and the collector wire 
in the chamber. As an example, in a 
proportional eounter in Ww hich the spac- 
ing between wires was just equal to the 
depth of the chamber, the variation in 
sensitivity from a point halfway be- 
tween two adjacent wires to a point 
just under any one wire was approxi- 
mately 10:1. A very highly collimated 
alpha source was used in making this 
measurement. 

The second program consisted of 
having electrolytic tank flux studies 
made for various proportional-counter 
cross sections. Both semi-cylindrical 
and flat-plate cathode surfaces were 
investigated. Two of the flux plots 
are shown in Fig. 2, 

Figure 2A is a plot of a rather com- 
monly used configuration consisting of 
multiple semi-cylindrical surfaces. It 
has some rather obvious disadvantages, 
the most apparent being the very low 
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FIG. 2. Flux studies for: 


section. 


rradient area which exists between 


t 
segments of the chamber. 
1% line being 


line common 


adjacent 
This is indicated by the 
the first equipotential 
to adjacent segments. 
Figure 2B shows a flat-plate cathode 
proportional counter cross section and 
very definitely more 
effective distribution of the field within 
the chamber. Other flux studies indi- 
cated that somewhat closer spacing of 
the anode wires is more desirable. This 
conclusion is related to the previously 


emphasizes the 


sensitivity in the regions 


This low 


noted low 
between adjacent wires. 
is caused both by the low 
gradient and by the fact that many 
of the electrons of the ionizing event are 
attached if air is the gas. 


this study indicated that 


sensitivity 


rather readily 

In general, 
an approach to 
tional counter would be made if a multi- 


Vol. 8, No. 1 - January, 1951 


an optimum propor- 


4. Semi-cylindrical cross section. 
Equipotential lines are marked in percentage of applied potential 


B. Flat-plate cross 


wire flat-plate cathode chamber having 
a depth of approximately 1 em and an 
adjacent wire spacing of about 0.7 cm 
were used 


Mechanical Studies 

One of the common failures of pro- 
portional counters in the past was that 
they tended to be 
phonic. Part of this was caused by the 
components with the 
part by the type of suspension used to 
hold the 


counter 1s 


extremely micro- 


used counters, 


anode wires. Since a propor- 


tional a change-of-charge 
type of device, any motion of the anode 
wire with respect to the cathode surface 
is likely to spurious counting. 
An effort was made, therefore, to devise 
had the 


amount of associated free mass. 


cause 


a system which minimum 


A very successful system, as can be 


seen in Fig. 3, consists of two helical 
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springs so arranged that each spring 
has one end fed back through the center 
of jthe jhelix and extended through a 
small hole in a mounting bar. After 
positioning, a hook is bent in this end. 
The anode wires have }49-in. soft solder 
balls on each end. The balls are 
engaged in the hooks on the ends of 
the springs. In this manner the springs 
are placed in compression, and the free 
mass 1s essentially that of the anode 
wire itself, since the solder ball is sup- 
ported by the end of the spring passing 
through the small hole in the mounting 
bar. This system is almost entirely 
free of microphonics and affords the 
rdd nal advantage of easy replace- 
ment of anode wires. 

Lhe humidity problem in air propor- 
tional counters has always been serious. 
It has been solved in several ways, such 
is the use of desiccants and of heating 
elements. When this work was done, 
information available on humidity 
effects did not offer a ready solution. 
On the contrary, it indicated that a 
rather complex phenomena was in- 
volved, A simple humidity protec- 
tive device, therefore, seemed desir- 
able. Air from a compressed-air line 
was passed through the proportional 
counter. This proved to be very effec- 
tive since such air is generally very dry 
regardless of atmospheric humidity 
conditions. Either a system similar 
to this or a system using recirculated 
air with a desiccant might be used 


Electrical Characteristics 


Insulation is important in _ propor- 


tio 


ial counters because it may very 


easily contribute noise and may cause 
spurious counting. High-grade insula- 
tors have several disadvantages, the 
primary one being that they become 
noisy, especially under high humidity 
conditions A particular incident of 
this nature occurred when a propor- 
tional counter insulator was made of 


polystyrene. This insulator had some 


46 





A, 
) 
~J Dy ¥ for 
ne y 
v2 
» 
* = Pn 4 z. 
Deta t af D7 crm betwee 
vires 
Jiaring 





Detail of a 
2uspensic End View 


>ustemn . 
“ Typical Proportional Counter 











FIG. 3. Mechanical design of a propor- 
tional counter 


very small holes (#80 drill) drilled 
through it When this unit was as- 
sembled, “a very high electric field was 
observed in the region of these holes. 
When the unit was placed in operation, 
the noise level was intolerable. As- 
suming that this noise was caused by 
stress potentials set up in the poly- 
styrene, the proportional counter was 
baked at 70° C for 24 hours to relieve 
the stress. After this baking period, 
the noise dropped to normal, indicating 
that the noise was caused by the high 
electrical fields caused by the stress. 

{ guard-ring type of system can 
surmount this problem very nicely if 
low-grade insulators are used to support 
the anode wire system and high-grade 
insulators are used to support the guard 
ring. Such an arrangement is shown in 
Fig. 3. Since the resistance of the 
low-grade insulators need not be high, 
and since no high voltage need be ap- 
plied to this insulator, the problem of 
charge migration of sufficient magnitude 
to trip the counting circuits is minor. 

Whenever a proportional counter is 
used with associated circuitry, the ques- 
tion of bandwidth must be considered. 
Although there are several possible 
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limitations on bandwidth, circuitry and 
coupling systems that have an optimum 
bandwidth should be used. 

The 
counter is exponential in both its rise 
and its fall. The rise time is approxi- 
mately 1 usec for most counters, and is 
itself. 


The decay time is a variable function 


pulse out of a proportional 


characteristic of the counter 
depending upon the time constant of 
the coupling circuit associated with the 
proportional counter, but must be 
longer than the rise time if pulse ampli- 
tude is not to be lost. The harmonic 


distribution of such a pulse can be 
determined. An analysis of harmonic 
content indicated that the bandwidth 
of circuitry associated with the propor- 
studied should be at 
least 0.5 megacycles. If this require- 
ment is not met, the pulse front will be 
degraded by a lack of higher harmonics. 
This is shown in Fig. 4 for two different 
decay If the decay time is 
short, the degradation caused by narrow 
bandwidth reduces the pulse amplitude. 
If the decay time is long, narrowing 
affect the 


tional counter 


times. 


of the bandwidth does not 
pulse amplitude appreciably. 

In general, since maximum resolution 
is usually desirable to avoid coincidence 
loss, the shortest possible decay time 
should be used; therefore, the band- 
width should be adequate. 

Coupling proportional counters to 


their associated circuits has always 
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Two solutions are 


The first is simply to 


been a problem 
commonly used. 
use a cable from the proportional 
counter to the amplifier; a poor im- 
pedance match between the propor- 
tional counter and the cable usually 
causes difficulties. The second solution 
consists of placing a cathode follower 
at the proportional counter to obtain 
an impedance match to the cable. If 
the equipment is portable, there are 
several disadvantages attached to the 
cathode follower: it requires a special 
filament battery; the tube and circuitry 
must be near the proportional counter; 
and there must be several wires running 
back to the amplifier. 

Because of the problems associated 
with these methods of coupling, the 
transformers as im- 


use of iron-core 


pedance matchers was considered, 
Transformers with bandpass charac- 
teristics of about 0.5 Me and 40,000- 
high-impedance windings were 
obtained. Two of those transformers, 
the proportional counter to 


cable im- 


ohm 


one at 
match the counter to the 
pedance and one at the amplifier to 
match the cable impedance to the input 
grid, make a very desirable network. 
These transformers are quite small, 
weighing approximately 114 ounces 
Their voltage characteristic is 
about 10 ke to 
However, when 


each. 
practically flat from 
better than 0.5 Me. 
connected in a system as outlined, they 
tend to ring about 6-8 psec. This 
ringing can be avoided by making the 
associated counter 
longer than the 


time of the 
slightly 


dead 
equipment 
ringing time. 

Because the maximum impedance 
available from transformers having 
adequate bandwidth was 40,000 ohms, 
the effect of load resistance on output 
In the past, 
was to use 


voltage was investigated. 
the most rule 
the highest practical load resistance. 
When the effect of change in load re- 
sistance on output voltage was exam- 
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common 























Proportional Counter Characteristics 


Load resistance, R Output, E 
ohma x LO roita 
1,000 0.33 
100 0.34 
20 0.2 
10 0.17 
5 1 





ned, it was found that it was definitely 
no i linear function. This is shown 
the table on this page When the 
load resistance was greater than 100,000 
ohms, the pulse output 1s constant at 
0.33 volts When the load resistance 
lropped to 10,000 ohms, the output 
dropped only to 0.17 volts; or, for a 
change of 10:1 in resistance, the voltage 
dropped to about one-half of maximum. 
Chis effect may be explained by the 
circuit of the proportional counter and 
" issociated load resistor and battery 
hig. 5 This circuit necessarily in- 
cludes the capacity C as part of a com- 
plex impedance Z across the propor- 
tional counter, in addition to the load 
resistor and battery. This impedance 
Z consists of the ohmic resistance of 
( proportional counter, the capacitive 
tance C, and a dynamic resistance 
ch is a function of the state of ion- 
on of the proportional counter 
The proportional counter ts a change-of- 
rge type of device, and it is often 
stated that the equation V QC de- 


es the output pulse voltage; if the 
input energy is constant, the output 
pulse voltage will be constant This 
statement appears to he ah ove rsimphi- 
ition of the ense of the proportional 
counter, since not only must the output 
pulse voltage be a constant for a con- 
stant energy, but. bv observation, the 
rise time of the pulse must also be a 
constant regardless of the load resist- 
ince and the energy ot the incoming 
photon or particle, 
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\ more realistic picture can be gained 
of the behavior of the proportional 


eounter by noting, in the table Oppo- 


t 
sit that changes in load resistance 
ibove 100,000 ohms do not change the 
output voltage iD Therefore, the 
equation of the voltage I out of the 
proportional counter must be Ey = 12. 


Since Ey is a constant for R greater 
than 100,000 ohms, then both J and 
Z must be related time-dependent 
variables 

This assumpton is explained if the 
proportional counter is considered as a 
gas-discharge tube in which a transient 
phenomena has taken place. It is well 
known that the impedance ol a gas- 
discharge tube is a function of the num- 


ber of ions present. In this particular 




















(= - T — 
- . > 
$A 
> 4} ; 
| 
& 4/1 ail 
FIG. 5. Electrical equivalent of a pro- 


portional counter and its associated 
battery and load resistor 


case, the number ¢ 


f ions present Is a 
time-dependent variable: therefore, vA 
is a time-dependent variable, and since 
the number of ions present also in- 
fluence the current /, it must also be a 
time-dependent variable. 

On this basis, load resistances above 
100,000 ohms are not necessary; they 
ire, in fact, undesirable because of the 
nowe tactor involved In addition, 
large values of resistance increase the 
time constant, RC, and thus increase 
the decay time and lower the resolution 
of the counter. The constant voltage 
characteristics noted in the table indi- 
cate that not much signal is lost when 
lower impedances, such as in the iron- 


core transformers, are used, 
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Usefulness 


proportional counter has been 

the past almost entirely as an 
counter and offers many advan- 

tages in this application since it can be 
exposed to the atmosphere, or, at worst, 
be covered only with a very thin film 
During this study, the practicality of 
using proportional counters for beta- 
gamma as well as alpha counting 
The 
effective when used as 
this 
is about 1. the 


was investigated. proportional 


rif 


counter is very 


1 composite counter in manner 


since the noise level 
beta-gamma level 
However, 
involved in this use of proportional 
The first of that 


proportional counters will respond to 


there are two problems 


counters these is 
beta-gamma radiation even though in- 
tended for alpha counting. In general, 


in an alpha counter some arbitrary 
discrimination level is used to eliminate 
beta-gamma counts. It has been dem- 
onstrated in this laboratory that some 
beta-gamma will be counted regardless 
of the diserimination level if the beta- 
gamma field is strong enough. 

\s an example, an alpha proportional 
having 40% 


thin 


geometry when 


counte! 


used with a calibrated uranium 


source, had an increase in background 
count from approximately 1 to 2 epm 
on being inserted in a l r/hr field. On 
a 50 r/hr field and 
level 


being inserted into 


the discrimination being read- 
justed to the same background level, 
the alpha geometry is only about 30%. 


On increasing the field to 250 r hr and 


readjusting the discrimination level, the 
geometry dropped to approximately 
20% This effect is attributed to build 
up of the beta-gamma pulses and is a 
limiting factor when detining geometry 
of a particular counter. Or, in other 
words, if the geometry of a counter is 


field 


under which the operation is expected 


specified, beta-gamma intensity 
must also be specified. 

The second trouble found when using 
counters for alpha and 
finite 


proportional 
beta-gamma counting is that a 
number of the alpha pulses will have 
amplitudes of the same order of magni- 
tude 
gamma 


as the amplitude of the beta- 
pulses If it as desired to 


separate the alpha and beta-gamma 
pulses, these alpha pulses are lost and 
represent a relatively constant error 
in the device 

These troubles can be circumvented 


by using a composite proportional 
sections 


foil. 


By using this type of mechanical dis- 


counter consisting of two 


separated by a thin aluminum 


crimination, it is possible to get an 


almost exact count of alpha and beta- 


gamma even though both are present 


at the same time 
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ONE OF THE MAJOR responsibilities of a government agency in a democracy 


is to give the facts 


pleasant or unpleasant 
which, if revealed, would be harmful to national security 


withholding only that material 
it being plainly 


understood by all concerned that “harmful to national security” is not 
synonymous with “harmful to the job security of the government official.” 


Gordon Dean, Chairman 
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Atomic Energy Commission 


speaking before the 


Blue Pencil Club of Ohio, May 28, 1950, 
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Effect of 





Slow Cathode Rays on Microorganisms 


The influence of very slow electrons (of 1-8 kev range) on 
Pseudonomas aeruginosa has been studied. Results show a 
maximum effect of the electrons at a voltage that gives them 
@ penetration in depth corresponding to the cell diameter 


By WALTER S. MOOS 


National Cancer Institute 


Bethesda, 


IN PREVIOUS STUDIES with soft X-rays, 
the effects of different wavelengths 
1,500 to 5,000 volts) have been deter- 
mined for several types of bacteria 
The Pseudonomas aeruginosa was se- 
lected for this investigation with cath- 
ode rays because Holweck’s 1-5 
experiments indicated that this micro- 
organism is affected differently, de- 
pending on the wavelength 

rhe results of Holweck’s experiments 
are shown by the curves in big l The 
horizontal axis corresponds to the ap- 
plied dose; the vertical axis corresponds 
to the rate of survivals as expressed 
in terms of N/No, the ratio of the grow- 
ing colonies of irradiated samples (' 
to nonirradiated samples 
(\ With 3,000-volt X-rays, the 


curve is an exponential one (generally 


controls 


interpreted is a single hit); at 1,500 
volts, the curve is sigmoid (several hits 
The point hit theory assumes that 
the number of hits n can only be a whole 
According to Holweck’s find- 
ings, m decreases with decreasing wave- 
length, since mn changes to n 2 
Therefore. at constant dose D. the num- 
ber of survivals as a function of the 
wavelength should appear as a step- 
ladder-like curve In accordance with 
these experiments, a curve of this type 


was found by Hardung (4), who used 
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Varyland 


soft X-rays (2.5-6 A.U See Fig. 2. 
Cathode-rays of corresponding en- 
ergy, rather than soft X-rays, were 
used for the investigations described 
below. With X-rays, it is difficult to 
obtain a nearly monochromatic beam 
at various wavelengths. However, the 
energy of cathode rays can be easily 
changed and the beam is always 
monoenergetic. 

Experiments with cathode-rays of 
less than 10,000 volts must be per- 
formed in a vacuum. This changes 
the expe rimental condition concerning 
the bacteria. Consequently, the in- 
fluence of the vacuum on the bacteria 
in question had to be determined (45) 
Bacteria placed for 4 to 5 hours in the 
vacuum showed a diminution of 10-15 % 
of the survivals. See Fig. 3. 

During the irradiation, only one third 
of each sample area was exposed to the 
electron beam, and the rest of the area 
was used for control. This provided 
equal conditions for the irradiated 
samples and controls as long as they 


were in the vacuum 


The Cathode-ray Tube 
The construction of the cathode-ray 
tube is shown in Fig. 4. Klectrons 
emitted from the cathode are accel- 


erated first by anode 1. The voltage 
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3000-volt X-rays 


1500-volt X-rays 


oO 
wn 


Survival Rate (N/N,) 











2 
Relative Dose 
Survival rate of bacteria (Pseudo- 
iginosa) as function of X-ray 
dose (/-3) 


FIG. 1. 


nomas aer 


there is at the 600 volts. 
Anode 1 with aperture 1 is used mainly 
as an electron lens that gives the beam 
the required shape before further ac- 
The potential at the anode 
2 with aperture 2 gives the electrons the 
final acceleration, variable from 2,000 
to 8.000 ev. 

The electron-flux per cm? must be 
kept constant during the experiment. 
this, the beam current is 
continuously measured during the irra- 


maximum 


celeration. 


To assure 


diation of the samples with the aid of 
The diam- 
eter of its top opening is greater than 
that of the bottom one. The part of 
the beam that is cut off is used for the 
From the dif- 
ference in current measured with the 


a special Faraday-cage (6). 


current measurements. 


Faraday cage, closed and opened, the 
number of electrons that pass through 
the measuring device and reach the 
samples may be computed. 

As it leaves the Faraday cage, the 
electron beam hits the sample mounted 
on the cylindrical sample holder. This 
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FIG. 2. Survival rate as function of 
X-ray energy for constant dose D (4) 
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FIG. 3. Survival rate as function of time 
of exposure of the bacteria to the vacuum 
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FIG. 4. Cathode-ray tube with irradia- 


tion chamber 
holder can rotate and slide along its 
axis inside the irradiation box. Such 
an arrangement allows the irradiation 
of four series each carrying fifteen sam- 
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pies i i relatively short time without 
pening the tubs 

A magnetic coil is use d to deflect the 
ean “> that it cannot pass anode 2 
during the change from one sample to 
the other During the irradiation, a-c 

stead of d-e current is apphed to the 
coils so that the electron beam oscillates 
over aperture 2 This method avoids 
in inhomogeneous irradiation of the 
ples. The X-ray production by 


the electron beam was negligible. 


Results 


The experimental results with cath- 
ide rays differed from those previously 
obtained with X-ravs. The lethal rate 
e bacteria was found to increuse 

th increasing electron energy, reach 
i muximum at 4 kev and then decrease 

OWLS Fig 5 This IAN ap- 
pears ipproximately at the same voltage 
vhere the discontinuity of the curves 

th soft X-rays was observed Fig 2 
These results are similar to those ob- 
tained by Haskins (7) using four dif- 
ferent electron energies (2, 4, 6, and 


é Ke\ for the irradiation of spores 


The following qualitative considera- 
tion gives an ¢ xplanation for the some- 
hat strange shapes of the curves 
shown in Fig. 5 and 6. \ very slow 
clectron impinging on a cell creates a 


} 


relatively great number of secondary 
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FIG. 5. Death rate of bacteria (/’seudo- 

nomas aeruginosa) as function of the elec- 

tron energy for three different constant 

doses 
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electrons within its short range, but 
it does not penetrate the cell deep 
enough to affect it lethally. At higher 
energies, the range of! the primary elec- 
tron is finally great enough to affect a 
sufficient volume of the cell. The ion 
density decreases with increasing range 
of the electrons Above a certain elee- 
tron energy, the irradiated cell volume 
remains constant, that is, the primary 
electrons pass through the cell, but the 
number of ionizations within this 
volume still decreases big. 7 

In our case, the bacteria Pseudonomas 
aeruginosa represents a small rod of 2yu 
length and O.5u diameter. The latter 
is just the range of electrons of 4 kev. 
Therefore, one might assume that the 
cell is affected most efficiently if the 
electron range is just about the diameter 
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FIG.6. Death rate of spores (Aspergillus 
nige as function of electron energy (7 


of the organism Furthermore, the 
mathematical considerations of these 
facts lead to a curve, as presented in 
Fig. 8, which has practically the same 
sh ipe as the experimental ones (d 

\ comparison of our dose calculations 
to data given in the literature shows 
that the dose required for the same 
destroying effect with electrons was 
considerably higher than with X-rays 
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of the same voltage. This seems to 
correspond to observations made by 
other authors (9-11) with X-rays and 
electrons , 

The higher dose may be due to several 
factors \t first, the question arises 
as to whether the dehydrating effect on 








the bacteria in the vacuum is a cause 


L l 4 rt i i i 1 i 1 
of the great difference in the doses. © | 2 3 @ 5 6 7 8 9 10 Il 
Energy (kev) 
FIG. 8. Theoretical curve showing pro- 
duction of change in bacteria as a function 
of different energies of bombarding elec- 
trons (4 








before the reason for the dose increase 


makes itself clear. 


* * * 





The author is indehted to Professor F 
Dessauer, Dr. \ Hardung, L. Horowitz 
and the Institute of Physics at the University 
of Fribourg (Switzerland) where this inves- 


«K4kev = 4kev » 4 kev 











tigation was performed 
FIG. 7. Model for the ion distribution 
across a cell for three different electron BIBLIOGRAPHY 
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OUR WORST BOTTLENECK |in reactor development! has been the produc- 
tion in pure form and in ton quantities for structural purposes of a chemical 
element which, until a year ago, was essentially one of the curiosities lumped 
under the rare earths in the periodic table . . . Other delays have been due 
to procurement difficulties in the case of essentially conventional items such 
as tanks, valves, pumps, etc. I fear that it is almost an occupational disease 
on the part of a scientist to focus attention on the part of a problem of par- 
ticular interest to him and neglect what appears to him to be prosaic. 
Lawrence R. Hafstad, Director, Division of Reactor Development, 
U.S. Atomic Energy Commission, speaking before the American 


Petroleum Inatitute, Los Angeles, Calif., Nov. 15, 1950 
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Undergraduate Nuclear Engineering Curriculum 


at North Carolina State College’ 


By CLIFFORD K. BECK 


Department of Physics, North Carolina State College 
Raleigh, Vorth ( arolina 


IN RECOGNITION of the vital role which 
nuclear technology is expected to play 
in our society, North Carolina State 
College has instituted a full under- 
graduate curriculum in nuclear engineer- 
ing and a graduate curriculum which 
leads to the Master’s degree in nuclear 
engineering. A doctorate program is 
being planne d, and should be completed 
hy the time students now in the lower 
curricula are ready for it. 

The curriculum is under the direction 
of the Physies Department, a depart- 
ment in the School of Engineering 
Currently, most of the specialized 
courses relating to the new curriculum 
ire Offered by this department. How- 
ever, many other departments in the 
School of Engineering and in other di- 
Visions of the college are actively par- 
ticipating in the instructional program 

\ standard four-year undergraduate 
college curriculum in scientific and en- 
gineering fields can do little more than 
provide a reasonably broad scientifie and 
fundamental engineering foundation 
More than this can only be attempted at 
the risk of cuit ailing the cultural devel- 
opment of the student and of piling on 
course after course until the student be- 
comes a walking encyclopedia of mem- 
orized technical fact . and little 


aper presented at a recent 

the American Society for 
N 

tion at Fontana, North 


* A revision of a1 
sectional meeting of 
Engineering Educa 
Carolina 
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more. Specialization in various tech- 
nical fields can be achieved by addition 
of fifth year “professional” curricula or 
of postgraduate master’s or doctor's 
programs 

Nuclear engineering is no exception 
to this philosophy. Professional status 
in this field can only come by training 
beyond the undergraduate level, and 
the major emphasis at State College 
will center around the postgraduate 


programs 


Philosophy of Nuclear Engineer 


There is one very compelling reason, 
however, for organizing an undergradu- 
ate curriculum in nuclear engineering 
and providing a sequence of basic 
courses in this field to be integrated with 
and interspersed among the usual 
courses in fundamental science and en- 
gineering, with the student to be guided 
by and associated with a staff of men 
experienced in the practices of nuclear 
engineering. The philosophy of the nu- 
clear engineer must differ from that of 
the general run of engineering graduate 
in several rather vital aspects, and these 
differences are best instilled in the early 
training period. 

1. A nuclear engineer cannot use the 
‘“‘cook-book,”’ ‘‘plug-in-formula’”’ ap- 
proach to problems; ‘‘standard form- 
ulas’’ have not been developed in this 
field; his approach must be analytical. 

2. The usual conception of materials, 


purities, efficiencies of processes, eco- 
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College. 





It was announced on October 29 that North Carolina State College would be 
the first non-AEC institution to buiid and ‘“‘own’’ a nuclear reactor. 
of the great interest already shown in this project, NUCLEONICS has ar- 
ranged to publish several articles describing the curriculum, nuclear reactor 
design, research facilities and program for the use of the reactor at State 
Last month, Dr. Beck, the director of the project, told how the 
program was developed. Here he describes the first full nuclear engineering 
curriculum ever established at a university. 


Because 


The Editors 








nomics, ete, must be shifted by many 
orders-of-magnitude. 

3. The 
approach must be eliminated, or bal- 
anced against the calculated value of 
building an imperfect system with the 
intention of subsequently discarding it 


trial-and-error, cut-and-try 


entirely, 

The alternative plan which has been 
suggested, of adding a nuclear tech- 
nology course here and there to under- 
graduate curricula in standard engineer- 
ing fields, indeed supply the 
student with the factual knowledge of 


would 


nuclear phenomena, but would not give 
him maximum opportunity to absorb 
the very vital difference in philosophy. 
This procedure, as a matter of fact, 
would tend to prevent the absorption 
of little beyond the standard ap- 


proaches and concepts of orthodox 


engineering 
Background of Program 


Several factors influenced the decision 
to begin this training program. Among 
others, there were: 

1. A large demand for this type of 
training: Applicants come not only from 
inexperienced students now in school 
and from members of the armed forces, 
but a surprising number come from 
experienced and generally successful 
persons already on nuclear energy pro- 
jects who wish to broaden the base of 
their training, and from engineers in 
fields wish to transfer to 


other who 
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nuclear projects. The total number of 
applicants is much larger than can be 
accepted. This broad interest became 
apparent quite some time before the 
decision was made to organize the 
curriculum. 

2. It is virtually a certainty that the 
present high demand for men with 
sound basic training in both engineering 
and nuclear technology will not de- 
crease, but probably will increase. It 
is true, of course, that a tremendous 
industrial future for nuclear engineering 
is contingent on a demonstration of 
practical and economical power genera- 
The demon- 


attempted, 


tion from nuclear sources, 

stration certainly will be 
even though it will probably require 5 
to 10 more for the success or 
failure of the effort to be clearly con- 


years 
ceded. The eventual success of power 
generation on a practical basis probably 
will be achieved. In the intervening 
years, however, the manpower total of 
70,000 or so now directly engaged in one 
way or another in our nuclear engineer- 
ing program will not This 
would be true even if military activities, 


decrease. 


now sharply increasing, had remained 


constant. 

Almost every major installation under 
the direction of the Atomic Energy 
Commission is actively searching for ad- 
ditional men with engineering experi- 
ence. Beyond this, there is apparently 
a rapidly increasing interest in certain 
industries, and in industrial and other 
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laboratories, for men with 


nuclear engmeering training 
The organized educational institu- 
basi 


ot the 


country can provide 


ning more efficiently than any other 
6 ; 


Specialized training and com- 


know how mitist be given al- 


\ industrial employee, 
chemical 


But no 


an electrical or 
bookkee per 


matter | 


how large, «at 

vide routine basic training 
employee can readily obtain 
ihlished schools, In nuclear en- 
g, however, participants in the 
energy program have been forced 
de this basie training, as needed, 
0 schools were equipped to do 


Indeed 


involved 


much of the essential 


ition training 


not at first be divulged 


longer the 


Such is no 


the interests of over-all economy 


ciency, the established educa- 


il institutions should assume ther 


rightful responsibility 


iddition to training of st idents 


pation ol colleges and universities 


“oF 
g 
il 


| provide another 


program W 
which is the traditional contribu- 


f alert namely, the 


prot SSors 


zation, assimilation, and presen- 


ivailable information in this 


ld in coordinated te xthook form 


utable for reference and instruc- 


ii tise 
4. North Carolina State College was 
undertake 


} 


rticularly well suited to 


in nuclear engineering train- 


ettort 
Che physics department here has 


tomurily placed heavy emphasis on 


neering and apphed physics and, 


i member of the Engineering 


is very closely coordinated 


iw other LO engineering depart- 


n the division Several of these 


departments, e.g chemical, electrical, 


chanical engineering, ete., are 


irlv strong and well-staffed 


there exists for the 


pros pe etive 


student imple opportunity for deve lop- 
ing a strong foundation and specializa- 
orthodox 


inh some engineering 


branch, in supplementation of his nu- 
clear technology training. 
The administration of the divisions 
he college offered strong encourage- 
ment and support to the proposed nu- 
Activity \s the 


| 
Clea! 


engineering 


program was being considered, the 
physics ce partment was planning to add 


W hen the 


iLcurriculum in nuclear 


several new staff members 
decision to offer 
engineering was made, therefore, new 
staff members were selected who would 
most effectively strengthen the program 

Having decided to initiate a training 
program in nuclear engineering, there 
remained the difficult tasks of defining 


lear engineering, determining the 


irenas included, deciding how best to 
teach the techniques involved, and ar- 
balance with other 


ranging A 


proper 


items necessary In an undergraduate 


eurriculum 


What Is a Nuclear Engineer? 
A nuclear engineer is defined as one 
who engages in some activity involving 
Or relating to ni clear processes, and in 
that activity 1s able to understand the 
problems involved and to exert sensible 
efforts toward the practical solution of 
The range of these ac- 
broad, The 


procurement, purification, and prepara- 


the problems. 
tivities may be extremely 
tion of nuclear fuels, the-design, imple- 


mentation and operation of nuclear 


reactors, utilization of reactors for 
producing power or radioactive isotopes, 
and industrial re- 


medical, phy sical 


search and applications, are only a few 
of the possible activities in which a nu- 
clear engineer may engage 

In many activities he is hardly dis- 
tinguishable from some other type of 
engineer or scientist For example, in 


mining uranium he is a metallurgical 


engineer; in providing instrumentation 


for a reactor he is performing as an elec- 
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tronic engineer; and in the study of air- 
craft propulsion by nuclear power he 
ipproximates an aeronautical engineer. 


In all these activities, however, the nu- 
lear engineer must have not only the 

technology relevant to the par- 
but also the added 


recognize, understand 


ocesses, 
and 
the nuclear phenomena 

lear engineer, therefore, must 
possess the usual engineering requisites, 
ibilities and attitudes and, in addition, 
have the added ability to cope with nu- 
clear processes which he may encounter. 
To be quite explicit, at least 80% 
90%, 


basic, orthodox engineering 


, and 
almost of his training 


sho ild he 


possibly 
training, with the usual specialization 
in some standard engineering branch. 
The remaining 10% or 20%, although 
small, is very essential. It 
consists of an intimate, practical, work- 
ible knowledge of nuclear processes and 
techniques, coupled with a subtle dif- 
ference in philosophy in approaching 
This dif- 


ference in philosophy is born out of the 


problems in this new field. 
knowledge that remote control, shield- 
ing, zero maintenance, surgical cleanli- 
ness, trace impurities, radiation damage, 
and health physics are primary factors 
which must precede, but not eliminate 
the 


considerations in 


engineering 
pre »b- 


or invalidate, usual 
approaching 


lems to he solved 


Scope of Nuclear Engineering 


The wide scope of activities practiced 
by nuclear engineers may be grouped 
into two large divisions and a few minor 
ones 

The first major division relates to all 
types of processes in which the intrinsic 
characteristic of radioactivity itself is 
the factor of principal importance, 
Tracer technology, radiochemistry, and 
industrial applications of radioactivity 
in general characterize this type of proc- 


ess. Here, as in many other similar 
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situations, much applied engineering 
practice is involved, although a par- 
ticular project may be a “pure” re- 
search undertaking. 

The second major division involves 
processes which utilize radioactivity 
and nuclear reactions as a means of pro- 
ducing other processes of primary inter- 
est. 


of producing radioactive isotopes, useful 


Nuclear reactors, used as means 


power, and beams of radiation for re- 
and all the 
technology comprise the chief parts of 


search purposes, relevant 
this division of nuclear engineering 
A third division 


miscellaneous aspects and applications 


includes all of the 


of nuclear energy not covered in the two 


main divisions. Biophysical applica- 
tion, medical therapy, chemical effects 
of radiation, nuclear physies, and chem- 
ical engineering (waste disposal, etc) 


would fall in this group. 


Undergraduate Course of Study 
From the foregoing, the undergradu- 


ate nuclear engineering curriculum, 
therefore, must satisfy two criteria; and 
there is a third, as yet unmentioned: 
1. It must provide basic training in 
least 


enough to include essential information 


nuclear technology at broad 


in both radioactivity and reactor 
processes, 

2. It must provide adequate training 
in the essentials of orthodox engineer- 
ing, with some degree of specialization 
in a chosen field. 

3. There must be included a sufficient 
and 


historical subject matter to produce at 


amount of cultural, educational 
graduation as well-rounded a citizen as 
possible. 

The 


signed to satisfy these criteria and meet 


undergraduate curriculum de- 
these objectives is outlined in the table 
on the page. The 228 quarter 
hours* of credit are distributed among 


next 


* Three 
for eleven 
credit. 


oratory hours per week 
quarter hour of 


class or lal 
weeks, yield one 
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Undergraduate Course of Study 
in Nuclear Engineering 


Credits, Per cent 
Quart of 


Field of Study Hours Studies 


General Basic 60 26 
j nglish 
Physical Education 
Military Science 
Humanities (History 
economics, govern 


ent, etc 


Basic Science 
Engineering Drawing 
Mathematics 
Chemistry 
Physics 

Recom- 


mended as elective 


Biology 


Basic Engineering 
] ~cLric il 


I ngineer 
ering Mee han- 


hermo ly 


namics 


Nuclear Technology 
rses described in 


Course 


text 


Technical Electives 





categories of courses. Courses in 


nuclear technology category are 
etailed later 
17% of 


selected in 


fwelve quarter courses, or 
the curriculum, may be 
whatever field of interest the student, 
with the assistance of his adviser, may 
{ hoose These elective courses may be 
used, for example, to develop the begin- 
ning of a specialization in some field of 
engineering, to acquire further pro- 
ficiency in mathematics, or to develop 
an interest in advanced biology, chem- 
istry or physics 

Throughout the undergraduate nu- 


clear engineering curriculum, large em- 
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phasis is placed on laboratory practice 
as a means of insuring practical knowl- 
edge of the subject matter. Eighteen 
of the required courses, or an average of 
116 per quarter, have associated labora- 


tor y periods. 


Courses in Nuclear Technology 
The present undergraduate courses in 
listed 
with a brief indication of course content 


nuclear technology are below 
The courses are listed in approximately 


( hronological order 


Required Courses 
Vodern Physics. 

atomic and molecular phenomena, nu- 

X-rays, optical spec- 


Introduction to 


clear components, 
tra, energy levels, cosmic rays, ete. 


Vuclear Physics. Particles, accelera- 
tors, natural and artificial radioactivity, 
nuclear reactions, energy considerations 
with matter, 


interaction of particles 


attenuation, ete. 


Vuclear Instrumentation. This course 
is designed to give first-hand, practical 
acquaintance with various types of in- 
struments used in nuclear work: Geiger- 
Miller counters, ionization chambers, 
electrometers, proportional counters, 
photographie emulsions, scalars, rate- 
meters, ete. Consideration is given to 
commercial availability of nuclear ap- 
paratus and choice of instruments for 


particular problems 
Health Physics. A of the 


precautionary methods used in radioac- 


survey 


work. Safe limits of exposure 


and tolerance dosage of aipha, beta, 


tivity 


gamma, and neutron radiation; moni- 


toring procedures; calculation of ex- 


posure doses; and general protective 


methods are discussed. 


Nuclear Engineering. A survey of 


raw materials, chemical and metal- 


lurgical processes, types of physical in- 
stullation, scientific bases, and oper- 


ating procedures for nuclear reactors 
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ind atomic energy facilities. Consider- 


ation 1s given to products and by- 


products of nuclear reactions, waste 
materials, and potential peacetime ap- 
plications of nuclear Par- 


ticular attention is devoted to defining 


processes. 


the major engineering problems and 
the modifications well- 


problems, in each branch of 


necessary in 
known 
engineering. 


Radioactive Tracer Techniques. Em- 
phasis in this course is on laboratory 
techniques in detecting, handling, and 
quantitatively measuring radioactive 
samples. Preparation of samples for 
radioactivity measurements and calcu- 
lation methods used in analyzing such 


data are summarized. 


Elementary Reactor Theory. A lec- 
ture course in the principles of chain re- 
actors; conditions for criticality, slowing 
down of neutron diffusion 
equations and space distribution, ele- 


neutrons, 


mentary group theories, reactor dimen- 
sions for simple geometries. 


Elective Courses 

In addition to the seven required 
courses in nuclear technology, addi- 
tioial courses relating to nuclear proc- 
esses are available as electives to meet 
the needs of those desiring further 
Courses in micro and trace 
fission 


training. 


chemistry (with emphasis on 


products), radiochemical techniques, 
processing and disposal of radioactive 
chemicals, biological and chemical effects 
of radiation, and medical and biological 


applications of tracers are available. 


Postgraduate Studies 

The course of study for the Master’s 
program consists essentially of ad- 
vanced courses in nuclear technology, 
mathematies, thesis research, and tech- 
nical electives. Here again, the elec- 
tives afford opportunity for the student 
to develop his interest in a chosen field 


of science or engineering. 
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Textbooks and Teaching Aids 

few of the 
courses 1s fairly well- 
organized textbooks already published. 
These texts will be supplemented by 
documents 


Subject matter for a 


available in 


material from declassified 
and articles in the current literature. 
For other courses, e.g. health physics, 
there is no satisfactory published text 
material. There is, available, however, 
plenty of information, in fact all essen- 
tial information, though unorganized 
and uncoordinated, to form the basis of 
quite thorough and complete courses, 
In these cases the instructor must as- 
semble and organize the material and 
guide the students in their usage of 
heterogenous sources of information to 
a larger extent than would be necessary 
in orthodox This situation 
may perhaps afford incidental training 
of considerable value, since these courses 
occur toward the end of the undergradu- 
ate career when the student should have 


sufficient maturity to profit by this type 


courses 


of instruction. 


Program Underway 


This new training program in nuclear 


engineering was launched in September 
The induction of the sixty 
accepted student candidates, and the 
arrival on the campus of most of the 


of last year. 


staff members who teach these courses, 
coincided with the initial offering of this 
proposed sequence of courses. As stu- 
dents, faculty and courses mix, we are 
certain to find many changes and ad- 
justments in the curriculum necessary. 
Our hope is that we may be able to ad- 
just and adapt the training program so 
that out of it will come men with sound 
balance as citizens and sound judgment 
We hope they will have 


prac- 


as engineers, 
a thorough technical training, 
tically adaptable to the tasks they will 
find to do. We hope that they will in 
some measure help us achieve those 
blessings inherent in 
—END 
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vast potential 


atomic and nuclear processes. 











Radioisotopes in Pharmaceutical 
and Medical Studies—Ill 


Studies to determine the chemical changes in living cells 
after administration of certain tagged drugs, amino acids, 
vitamins, etc., are outlined in the following discussion of 


drug metabolism. 


General conclusions to be drawn from this 


and the preceding articles in this series are also offered 


By D. L. TABERN, J. D. TAYLOR, and G. |. GLEASON 


Lahoratorves 


Abhotl 
IN INTRODUCING the subject of Drug 
Vetabolisn 


tion of thoy 


Which is the concluding sec- 
three-part pape! * it seems 
to note that. whe Nn isotopes 


tilable, the belief 


ppropriate 
ime readily as 
frequently expressed that their use 
studies on the 
This has 


in certain instances but, in 


simplify 


greatly 


m of drug action 


the proble 1s have been 


baffling and comple x than 


as we saw in the discus- 


barbiturates, simple theories 
LEONICS 7, No. 5, 3-23 (1950 

t 1-5 appeared, and Part II 
— ( 410-55 (1950 in whiet 

1ddition 

tt Labor pe 


17. Drug Metabolism 


Depa tment of Spec 
” North Chicago, Illinois 


Research 


concentrations in 


greater 


had to be discarded in 


postulating 
the brain have 
favor of much more complex and less 


understood ones, involving either 
greater sensitivity on the part of certain 
cells, or interference with still obscure 
enzyme systems. On the basis of older 
methods we would have been content to 
follow three or four breakdown prod- 
ucts, but now to our own dismay, we 
find that pentothal gives rise to some 
nine or ten breakdown products in- 
volving but one of the atoms of the 
parent compound. The same is true 
for benadryl, nitrogen mustards, ete. 
shall see in the following 


specific illustrations, a little of almost 


As we 
every administered compound (or its 


breakdown products goes to every 


With few 
cant-to-large quantities show up In the 


organ exceptions, signifi- 


liver, spleen, and lungs. Deciding on 


what concentrations are of biological 
interest and which are purely accidental 


remains a big problem, 





As a convenient mode of classifiea- 
tion of this very diversified information 


collected Irom many have 
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SOUTCEOS We 


selected ten general groups and _ at- 


tempted to place compounds within 


either 
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them 


in alphabetical order or 





in an order as dictated by closely re- 
lated 


compounds, which have been prepared 


properties. Reference to other 
but on which reports of use are lacking, 
the articles entitled 
‘Biological Syntheses of Radioisotope- 


Nvuc.Leonics 7, No. 


26 (1950)} and “Chemical Syntheses 


may be found in 
lahe led Isotopes” 
of Radioisotope-labeled Compounds” 
NUCLEONICS is No 3. 14: No. 4, 44 
(1950 


1. Tagged “Drugs” 


Adrenalin-C'*, 
labeled with C4, 
(234), loss from the blood was quite 


With adrenalin beta- 
as recently reported 
Regardless of the mode of 
majority of the 
Later 


rapid 
administration, the 
activity appeared in the urine. 
chromatograms of the urine indicated 
a complex pattern of metabolites. 
Benadryl. Benadryl 
(4 was studied several years ago by 
the Parke 
was made that there seemed to be some 
A more de- 


tagged with 


Davis group, and a report 


localization in the lung. 
tailed paper has since appeared (235). 
Ordinary chemical methods had ac- 
counted for only 5-15% of the adminis- 
tered drug, and there was evidence that 


enzymatic degradation was leading to 


products not responding to the usual 


color tests. Labeling was on the carbon 


indicate d: 





CH, 


CH, 





(Assays by chemical and tracer studies 
yielded surprisingly consistent results, 
tissue 


lung accounting for 


some 60-70% of the drug at 15 minutes. 


with the 


Chromatography and subsequent radio- 
autography showed the presence of at 
different radioactive 
pounds in the urine, one of which was 
benadryl. 


least six com- 


found to be unchanged 


Simple hydrolysis by normal HCl for 
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1 hour at 100° caused the disappearance 
of all six bands and the appearance of a 
new strong band, indicating a_ basic 
similarity of structure for all six. Ap- 
parently exhalation of CO, was not 
studied which would seem most desir- 
able in fact that only 


25-45% of the activity was accounted 


view of the 


for in the above experiments, 

Chiniofon. 
bolic problem served as our introduc- 
this field (236). The drug 
(iodo-I'*'-oxyquinoline sulfa 
treat 


\ purely practical meta- 
tion into 
chiniofon 
acid) 
amoebic dysentery in humans without 


was used empirically to 


any knowledge of its absorption, or of 
those portions of the body in which an 
effective concentration could be found. 
A brief study showed that it was ab- 
sorbed, though poorly (7-17%), from 
the intestine, with a resultant moderate 
concentration near the intestinal wall, 
that small amounts appeared in the 
blood, that 
urine was rapid, first as the unchanged 


and elimination in the 


drug and then as an ever increasing 
proportion of iodide (average 50%) 
Dicoumarol. 


dicoumarol C'*-labeled in the 


Langham has informed 
us that 
prepared 


methylene group has been 


and studied (237). The results clearly 
rule out the possibility that salicylate 
is the active agent produced therefrom. 

Fluorophosphates. An excellent con- 
tribution to this field of drug-action 
literature has recently been published 
by the Army Chemical Center Group 
(238). The fluorophosphates represent 
quite a unique group of chemotherapeu- 
tic agents and are active as well as toxic 
in very small doses, thus necessitating 
high specific activities, 

As usual the liver, kidney and lung 
take up relatively large amounts. Ex- 
periments with the analogous but inac- 
tive di-isopropyl phosphate showed that 
none was retained in these organs. <A 
large part of the ultimate elimination 
appeared to be through the kidneys. 
In the principal areas of retention, it 
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was found that following administration 
of di isopropyl fluorophosph ite, at least 


half of the P™ was “protein bound 
being 
This 


resist tri- 


vithin 10 minutes, the ‘reaction’ 
con plete at the end of 4 hours 


strong binding, which can 


chloroacetic acid and organic solvents, 


certainly indicates some type of chem- 
ical combination with the protein 

It seems significant that those tissues 
having the highest specihe retention of 
i ire those that have been shown to 


| pecially rich in an enzyme capable 


1 OS] i 
DFP at the P-F bond 


of hydrolvzing 
hydrolysis 


Obviously. however must 


follow, and not precede, combination 


since the fluorine tree compound is not 
The result be looked 


introduction of P* and the 


retained may 


ipon 4s thie 
but not the fluorine) into the 


In the kidney and 


constant 


opropyl 
tein molecule 
liver. the total P 
for | hour and then gradually decreases 
next 24 


relation between the “cholinesterase ac- 


remains 


over the hours There is ho 
tivity of the organs and their ability 
to retain DEFP-derived phosphorus. 

In plasma of rabbits injected with 
DEP, most of the P® originally present 
was regenerated before regeneration of 
had started 


the elimination of P*® 


activity 


cholinesterase 
In ervthrocyvtes, 


paralleled the reappearance of cholin- 


indicating the destruction of 


esterase, 


lls whose cholinesterase was inac- 


ited by DFP, and the replacement 
vith new cells containing fresh active 


esterase 


Insulin. Insulin was tagged by 


coupling with the p-iodo-pheny! AZo 
still 
considerable degree its typical biological 


group (259 It retained to a 


effeets It was injected into human 


heings in its three pharmaceutical forms 


ordinary, globulin zine, and pro- 


mine zinc \bsorption was followed 
simply using an external counter 
tubs The rate of absorption reached 
its peak at the same time as the greatest 


blood 


reduction ot sugal The rates 
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ot absorption deere ised in the order 


of the drug's forms as previously listed 


(} 
, ; 


Mercuhydrin. The mercurial diu- 
retic mercuhydrin (Hg?®*-?°*) has been 
studied by the Tulane group (243-244). 
\ series of ‘*disap- 
The 


first curve seems to be due to the mixing 


three component 


pearance curves”’ were obtained. 
of the mercury in the plasma, the second 
to the filling of the potential mercury 
space, and the third reflects the elimina- 

1 of the mercury 
Further use was made of the tugged 
material in studying its uptake follow- 
ing oral administration. At best, the 
amount of mercury excreted (and there- 
fore presumably effective) represented 


o% or 


{At no time did levels approach those 


less of the administered dose. 


expected from the usual parenteral 
administration (2445) 


Methadone. The 
has prepared methadone C!*-labeled in 


California group 


the 2 position. For 1-3 hours following 
the subcutaneous administration of 
10 mg/kg, brain levels were no higher 
than those of the carcass indicating no 
specific affinity for the central nervous 
system. On the other hand, certain 
organs such as the thyroid, liver, lungs, 
spleen, and the gastrointestinal tract 
had concentrations well above carcass 
levels. Though some conjugation may 
have taken place, excretion was com- 
intestinal 


plete in 24 hours, via the 


and through the 
kidne ys It found 


that the bile is the principal route of 


route secondarily 


was subsequently 
excretion, activity being found there 
within 10 minutes after the subcutane- 
ous administration of 5 mg/kg. There 
seems to be a modification going on to 
water soluble compound still 
giving a methyl orange test. No CO, 
the respired air 


a very 
recovered from 
indicating that 
proceed to completion (246-249). 
Nitrogen Mustards. In a personal 
Langham 


Was 


oxidation does not 


communication, informs us 
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that his group has prepared C'*methyl 
In a forthcoming 
will emphasize the 


nitrogen mustards. 


publication they 
very complex nature of the metabolic 
products, which seem closely related 
to products resulting from simple chem- 
ical decomposition. 

In the meantime, the Southern Re- 
search Institute has found (122) that 
the active carbon in a nitrogen mustard 
was distributed throughout all organs 
and tissues and there was no profound 
difference between normal and leukemic 
mice 

Distribution studies on the iodine 
analog of a nitrogen mustard [methyl- 
bis (-beta-iodo-ethyl-amine)] have been 
reported (250). On a molecular basis, 
it was more toxic than the chloro com- 
pound The 
was very rapidly formed and excreted 
in the urine. Evidence that the un- 
cyclized mustard entered the tissue cells 
was established only for the lung. 

The “one armed” analog, diethyl- 
beta-iodo-ethylamine, likewise rapidly 
small fraction 


radioactive iodide ion 


cyclized, but again a 
penetrated the cells (241). 
with a sarcoma (of the 
showed a relatively higher con- 


Tests made 
on a patient 
tonsil 
centration of radioactivity in tumor, 
blood and muscle. 

Pentothal. A discussion of the me- 
tabolism of this thiobarbiturate is to be 
found in Section 6. 

Procaine. Howarth has studied, 
quite extensively, dibrom procaine as a 
spinal anesthetic (252). Following in- 
trathecal injection, the concentration 
in the subarachnoid space rapidly de- 
clines at the same time that a rapid 
rise occurs in urine concentration. 
Blood levels :remain persistently low. 
Only the spinal roots regularly show any 
capacity to concentrate the drug above 
the cerebrospinal fluid at the site of 
injection. Of the tissues, only kidney 
and (bile) concentrate it 
the circulating blood. 

The drug was found to enter the 


liver above 
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spinal cord during spinal anesthesia, 
though it is improbable that it is able 
to produce a functional cord transec- 
tion. Of the routes of departure from 
the spinal theca, the venous system 
appears to be the most important. 
Penicillin and Derivatives. The site 
and mechanism of action of penicillin 
has been studied simultaneously by 
Rowley et al. in England and by John- 
at the University of 
Wisconsin (253-257). Since the S., 
take up 
fairly simple fermentation suffices for 


son and Maass 


grieseus cultures sulfate, a 
the production of sufficient amounts for 
bacteriological experiments. The up- 
take of penicillin by bacteria increases 
for both resistant 
and Attain- 
ment of equilibrium across the cell walls 
is rapid than 3 
concentration inside the cell being (at 
low concentrations) much higher than 
in the environment. During rapid 
cellular division, uptake is greatest and, 
at least under certain conditions, in- 
sensitivity of the 


with concentration 
nonresistant organisms. 


less minutes—the 


with the 
It reaches a peak shortly be- 


creases 
strain. 
fore growth is stopped. 

About 0.8 is bound by each 
cubie centimeter of cells, exclusive of 
that penetrating by simple diffusion. 
This is equivalent only to about 2 K 107° 
moles of pencillin, so that the combining 
substance is probably of a catalytic 


unit 


nature rather than a metabolic. It 
has been further suggested that some 
reaction essential to cell division but 
not to cell respiration is inhibited. 
When growth is reinstated by trans- 
fer to a fresh medium, the bulk of the 
antibiotic is not excreted; rather the 
penicillin binding component of the 
cells is synthesized at a more rapid 
rate than the other cell substances, 
until an excess is again present. At- 


tempts made to prevent uptake by pre- 
treatment with formaldehyde, CTAB, 
euflavine, and acid were unsuccessful, 
but pretreatment with inactive penicil- 
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attested rv the 


tightness 


prevente d uptake 


rie binding IS also 


that neither washing nor post- 


ment with inactive pen illin served 


dislodge activity from the treated 


ter 
Tia 


When S*-labeled penicillin was given 


injection, almost all of the injected 


fur was eliminated in the urine within 
At the most, 30% 


ot unchanged 


was in the 
thus 
With 
half 


was recovere d in the same 


penicillin, 
ng extensive breakdown 


idministration, only about 
~ ilfur 


The english group has concluded 


t at the end of 20 minutes’ contact 


ween peneillin and S. aureus, all 

e drug taken up Is concentrate d in 

ytoplasm 259 

ference should be made to the use 
to establish the 


actual presence 


penicillin in the impure product 


very 
very 


yield in du 
that 


poor 
S\ ithetic process fol 
S*-tagged d,l-penicillamine 
2-benzyl-4-meth- 
1)-oxazolone. Natu- 
added 


activity 


condensed with 
nethvlene-5 
benzyl penteillin was and 
The 


ned constant 


vstallized specific 

thus indicating the 
ence of synthetic benzy! penicillin 

the reaction product (200 

We have recently 
d penicillin X 


gin Which has been used in 


synthesized iodi- 


having an activity 
H me 
ome very interesting experiments not 
vet completed 
Salicylic Acid. 
sm has been the 
study (261) 


is broken down so that one-half appears 


Salicylate metabol- 


subject of a recent 
In the dog, salicylic acid 
n the urine as free salicylate, one-fourth 


is hydroxyl glyeuronate, one-fifth as 


salicylurate, and one-tenth as 


The 


similar in 


genti- 


sutes picture was somewhat 


patients, one-half being 


salicylurate, one-third = glycuronates, 


one-tenth free salicy late, and a few per 
(No 


cent of gentisate 
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activity ap- 


peare d in the expire d CQ,). Evidence 
was found that the givcuronate forma- 
could both the 
and carbonyl groups. 
Stilbamidine. 


injections of 


tion involve hydroxy! 
Following intraven- 
ous C'4Jabeled stilbami- 
there Was no significant excretion 


‘I his 
degradation in the 


dine ’ 


ot ¢ () indicated absence ot 


metabolic hody 
8 During the first 30 days follow- 
ing injection, approximately 96% of 
the initial dose was excreted in urine 
and feces, of which approximately 70% 
appeared during the first four ‘days. 
The 
in the autopsied mice was found in the 
kidneys, heart, 


Work Is 1h progress on cnuneerous mice 


highest concentration of activity 


liver, and intestines. 

\ note has appeared indicating that 
there 1s no significant concentration in 
human tumor tissue (58). 


Sulfa Drugs. A 
been directed toward the 


number of studies 


have elucida- 
tion of the mechanism of the action of 
drugs on bacteria erlenmeyer’s group 
abroad prepared sulfur labeled p-amino- 
found that 


phenyl-sulfathiazole, and 


the tuberele bacillus in a synthetic 
medium took up the drug in an amount 
concentration ol 
’). This 
was sufficient to exert a 
eflect When 10% of 


was added to the medium, the 


proportional to the 
the drug in the medium (262 
concentration 
bacteriostatic 
serum 
inisms grew, in spite of the fact that 
still bacteriostatic 
of the drug. It looks, 
as if the attachment of the drug 


rs 
org 


they contained a 
amount there- 
fore, 
to the bacterium is not the only factor 
involved; possibly the serum contained 
some source ot material which made 
possible an alternate source of metabolic 
energy (2605, 264). 
Sulfapyridine. Sulfapyridine 
labeled with se 


to the 


was 
only 
This 


3 gm per rab- 


unfortunately 


extent of 16 epm/mg 


necessitated dosages of 2 


bit. No inorganic sulfate was formed 


at any time Some 25-60° of the 


activity appeared in the urine during 
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t day, 10-30% the second day, 

d, in one animal, a small amount on 
the third day. There was no signi- 
The 
isual diazo test was carried out simul- 
The 


under 


ficant retention after three days. 


; 


t ineously 


20-25 <* 


values secured were 


those from counting, 
suggesting the presence of a sulfanilimid 
in which the 
modified. If 
lated (266). 


Sulfanilimid. 


amino groups had been 
present, it was not Iso- 
Somewhat surprising 
in light of the findings just noted above 
ire the observations of Klotz and 
Melchoir on S-labeled sulfanilimid, 
6 Ek. coli suspensions 
cubated with what would appear to be 


were in- 


a large excess of sulfanilimid for 6 hours 
At the 
centrifuged and washed quickly. 


end of this time, the cells were 
The 
binding within the cells was less than 

2°, and less than 5% could have been 
attached to the cell surface 

Bloch and Ray have prepared a num- 
ber of tagged including 
iodo-sulfapyridine, 


compounds 
iodo-sulfanilimid, 
which do not seem to have been further 
studied (267). 

Thiocyanate. Wood and Williams 
recently found that the thyroid gland 
fixes sulfur to a 


thiocyanate greater 


degree than does any other tissue pro- 


tein (269). This ability is impaired by 
Sincé the 


el of all tissues decreased at 


propylthiouracil treatment. 
KCNS levy 
the same rate as the plasma level, their 
observations were interpreted in terms 
metabolic antagonism of thio- 


Most of the 


vity was found in the urine as un- 


of a 
eyvanate toward iodide 
changed thiocyanate. 


Thyroid Drugs. 


the Finks hydrolized thyroid tissue, and 


Several years ago, 


ipplied the comparatively new two- 


and fol- 


lowed it by radioautography (270, 271) 


dimensional chromatography 


In addition to the expected spots corre- 


sponding to thyroxine and di-iodo- 


t1 
tyrosine 


, a strong spot was found to be 
due to monoiodotyrosine, even though 
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this constituent is considered to be 
present only in small amount in thyro- 
globulin. Control experiments seemed 
to show that exchange had not taken 
place during hydrolysis. 

Taurog, Tong, and Chaikoff extended 
these results and confirm that mono- 
iodotyrosine comprises approximately 
15-20% of the total 


thyroids of rats and chickens as con- 


iodine in the 


trasted with 25-30% for diiodotyrosine 
Apparently under- 


goes extensive decomposition during the 


(272). thyroxine 
alkaline hydrolysis with the liberation 
of iodine. 

By filter-paper chromatography, the 
same authors studied the nature of the 
plasma iodine and found that, in addi- 
tion to free iodide, only thyroxine was 
present, and it was loosely bound to 
plasma protein. 

Clayton et al. used 3’,5’-1' 
to study absorption and behavior (278). 


'-thyroxine 


Breakdown was extensive; the activity 
in the urine was present almost entirely 
as iodide, but the feces, bile, etec., con- 
tained both inorganic and organic 
forms. 

The only 
labeled labeled 


thyroglobulin in normal patients and 


Mayo group used not 


thyroxine but also 
in a patient with myxedema and found 
similar liberation of iodine with time 
(274). Thé picture is similar when the 
drug is given intravenously. 

In a recent review paper, mention is 


made of the incorporation of I'*! into 


diiodohydroxypheny! propionic acid, 
phenyl dihydroxy cinnamie acid, and 
the ethyl ester of phenyl diiodohydroxy- 
phenyl propionic acid, for metabolic 
comparison with the parent analog, 
diiodotyrosine (274) 

Diiodotyrosine and phenyl! dihydroxy 
phenyl propionic acid (priodax) behave 
rather similarly, though possibly the 
rate of decomposition of the latter into 
iodide is somewhat slower. It also 
appears to a greater extent in the liver 


and kidney. The high 
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spul iously = 








exogenous protein-bound 


to improper manipulation 
aij 
dies have been made on the 


tine labeled 


ne production For 


‘biologicals”’ for 
instance, 
\layo group have found todocasein 
clinically (27% 

The 


thiourea has been 


»> be effective 
metabolism of S*- 
studied by 


Of the 


Thiourea. 
ibeled 

an and Keating (27S 
was excreted 


in the urine, 98% 


hours; it was mostly unchanged 
for 6% in the form of inorganic 
and 6% as ethereal sulfate 
55-fold concentration of 


The 


concentrated compound is not 


,a> a 
in the thyroid nature 
but there is good evidence that 


ippears as sulfate during isolation 
the other hand, neither the ingestion 
sulfate or sulfide le ads to thyroid 
meentration 


The 


work on 


Thiouracils. group has 


on ple té d 


same 

thiouracil and 
propyl thiouracil. These drugs seem- 
gly also localize in the thy roid 


Studies with 4-methyl-2-S**-thiouracil 
cockerals (Zid The 


shafts, and the 


the drug 


ere mace on 
yroid the feather 
itary contained most of 
24 hours; excretion was largely com- 
ete in 96 hours 
Urethane. Urethane has been car- 
boxvl-labeled by Bryan, Skipper, and 
W hte SO), Within 24 906; 
he labeled earbon had been « xpired 
10% 


rine Of the small amount remaining, 


hours, 


C'4),, and 5 was found in the 


the most was found in the blood, liver, 


intestines and tumor tissue Iwo 


mice with advanced lymphoid luke hin 
ind two with mammary carcinoma re- 


tained much more C!* in all 


fter 24 


tissues 
hours than did normal mice 
Whether this retention is due to failure 
to break down the urethane as rapidly 
is in normal mice, or whether it is du 


+ 


fixation of urethane or a 


oO a greater 


is not know n 


metabolite 
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Research Institute 


that 


‘I he Southern 
fertilized sea 
effective 


found 


group has 


urchin eggs, in mitotically 


concentrations, rapidly accumulated 


irethane in excess of the surrounding 


medium It is concluded that the 
mitotic effect is produced by material 


cell, 


more 


Iree or loosely bound within the 
and not to the small 
firmly held (122) 
Benzedrine, Sucaryl, Tetraiodo- 
phenolphthalein, and Antabus. These 
drugs have been tagged, but no re ports 


very part 


on their metabolism have appeared 


il. Amino Acids 
Gutman 


Wood have 


and bromben- 


Cystine. and 
administered -eystine-S4 
zene simultaneously and recovered 
labeled bromphenylmercapturic acid to 
the extent of 4% 


The 


3,4-benzpyrene produced no effect: on 


during the first 24 
hours 281 administration of 
the sulfur metabolism 

The ability of cysteine to aid in pro- 
tecting against X-radiation seems well 
established (149 

Iso-cysteine. 
excreted in 


Iso-cysteine Is largely 
“organic” form in the urine, 
small Is found as 


and only a umount 


sulfate (252) 


Glycine. As the 


imino acids, and one quickly pre pared, 


simplest of the 


glycine was used in C™ studies. 

The most recent report on this acid, 
(‘'labeled first in the 
second in the alpha carbon, is that of 
Barnett and Wick (283) They 
that in the the carboxyl 


carboxyl and 
found 
intact rat 
glycine 


earbon of the administered 


supplied approximately 1 carbon for 
each 28 carbon atoms incorporated into 
glycogen One carbon atom out of 
28.5 carbons in the glycogen molecule 
was derived from alpha-carbon-labeled 
givcine As would be 


( «) 


expected, more 
is derived from the carboxy! than 
from the carbon in the alpha position 
See paragraph on ‘‘Globin”’ 
VIII on Biological Materials.) 
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Bors 0k et al. 


corporation of ( 


(284) studied the in- 
‘labeled amino acids 
Gly- 
thus 


into bone marrow cells in vitro. 


cine, leucine, and lysine were 


incorporated. However, only about 
one fourth of the counts in the protein 
after incubation with labeled glycine 
was due to glycine incorporated as 


such into the proteins. This is not 
true for leucine and lysine; a number 
of inhibitors of this reaction were found. 

Methionine Ethionine, and Other 
Methyl Donors. The body distribu- 
tion of fed methionine was studied by 
\Maass, (285). It 


was rapidly absorbed when given with 


Larson and Gordon 


food 


body 


and was present throughout the 
There 


Strain 


Within 4 hours. was no 
differ- 


ences have been observed with respect 


selective localization. 


to its uptake and utilization (286). 
Klotz (287) used S-labeled methio- 
uptake as a measure of protein 
The 


for several 


nine 


synthesis by E. colt. rate was 


nearly constant hours and 
then fell off sharply, though 95% of the 
substrate remained. 

Reference has been made in Section 
7 to the vital role played by methionine 
methyl 
“methyl-labeled 


and also C'*-deuterium doubly labeled 


as a donor. tecent studies 


with methionine 
prove transfer to choline, 
(288, 


methionine) 


creatine, taurine, and anserine 
289). Very recently, after methionine 
feeding to rats, the epinephrine was 
isolated by means of carrier and shown 
isotopic 


by constant composition as 


such, and after conversion to iodo- 
adrenochrome, to have taken up the 
methyl from the amino acid (290), At 
the same time, an appreciable amount 
is oxidized to C'*O, and respired (291). 

Stekol and Weiss showed that on a 
diet 


the sole sulfur amino acid but free of 


containing ample methionine as 


vitamin B-12 poor growth was obtained; 
supplementing the methionine-contain- 
with B-12 resulted in good 
None of the 


ing diet 


growth experimental 
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animals receiving B-12 died of kidney 
lesions even when there was a complete 
“labile methyl group” 
donors in the diet (292). 

As would be expected, methionine ts 


absence of 


rapidly incorporated into proteins; the 
rate of such uptake varies greatly with 
the metabolic state of the animal and 
the size of the dose administered (293, 
294).° Incorporation into liver, kidney, 
and plasma proteins is inhibited by the 
S-ethyl analog, though the mechanism 
does not seem to be a simple competi- 
tive inhibition. 


Ethionine. Ethionine, € '-labeled in 


the methylene carbon of the ethyl 


group Was given to rats by Stekol and 
Weiss, and radioactive creatinine and 
choline isolated from the tissues, 
S-labeled ethionine was administered 
with brombenzene and p-bromophenyl, 
and mercapturic acid was isolated from 
the urine (295). This seems to estab- 
lish that 


to the rat for cysteine syntheses, and 


ethionine sulfur is available 


that the ethyl group of ethionine is 
available for the ethyl analogs of sub- 
stances known to participate in trans- 
methylation reactions. 

A somewhat surprising and certainly 
is the effect of tes- 
In the 
body generally there is no effect, but 


interesting result 
tosterone on protein synthesis. 


in the comb of the capon, which is the 
that 
striking increase in the specific activity 
(S*) of the protein is found (296), 


“target organ” of hormone, 


Ferger and du Vigneaud have syn- 
thesized (C'*labeled 
dimethyl thetin and dimethyl propio- 
thetin, and studied the rate and extent 
of the oxidation of methyl groups with 
The last three were 


choline, betaine, 


methionine (297). 
found to be particularily labile in this 
regard, Creatine and creatinine do 
not similarily 


oxidizable carbon, and 8-methyl thio- 


serve as a source of 


* Anexcellent review by H. Tarver on “Radio 
active Sulfur and Applications in Biology”’ is in 
press. 
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glycolic acid and several sumpler thetin 
compounds 


Phenyl Alanine. 
(*'*-jabeled in the alpha and/or COOH 


were quite inactive 298 

Phe ny alanine Was 
position (299 It was also tritium 
labeled in the ring and possibly the side 
chain by with 85% 
11,50, made from SO;and TOH. Both 


injected into rats intra- 


heating at 50 


imples wert 
peritone illy. The epine phrine Was 150- 
lated by means of carrier, and in each 
case, there was evidence of the in- 
corporation of activity in it. 

Lerner has prepared C!’-C'* doubly 
labeled phenylalanine and studied its 
metabolism in liver slices (S00 Two 
carbon atoms of the benzene ring and 
side chain were converted 
and the 


four of the ring to malic acid 


two ot the 


to ketone bodies, remaining 
Tyrosine 
ipparently behaves similarily. 
Iryptophane. Heidelberger fed C'*- 
labeled tryptophane to dogs, rabbits, 
ind cats (30/ Kynurenine 
lated and labeled on the 
carbon; kynurenic acid was labeled in 
The N-methyl micotin- 
active, indicating that 


Wits 150- 
methylene 


the 3 position, 
umd 
tryptophane was not a& precursor. 
labeled) has 


phloroglucinized rats 


was not 


Cry ptophane (beta been 


given to (S02). 
Acetate seemed to be a metabolite, and 
tryptophane itself was incorporated 
into proteins 


When beta-labe led tyro- 


sine Was incubated with rat liver slices, 


Tyrosine. 


it was converted to acetoacetate labeled 


in the alpha position (303 


ill. Vitamins 
Ascorbic Acid. Burns 
have prepared COOH-labeled /-ascorbic 
Of the injected dose, 20 


and hing 
acid (OU/4 
'4(), during 24 hours, 
The 


principal urine constituent was oxalate. 


30% appeared as ¢ 
and the urine contained 3-6%. 
There appeared to be no marked dif- 
ferences in tissue incorporation in the 
normal and scorbutic guinea pig on a 


weight basis. 
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The biosynthesis of glucuronic acid 
has been studied by Mosbach and King 
using borneol-treated guinea pigs (008 
-lubeled 


recovered 


Following administration of C 
glucose, 184.0% was 
bornyl glucuronide within 


acid did not act 


urinary 
hours Ascorbic 
such a precursor 

Nicotinic Acid. 


and 


‘labeled 


were 


Carboxy] ¢ 
nicotinamid 
Half of 
the (small) dose given intraperitoneally 
excreted in 100 


micotinic acid 


made by Leifer et al. (309), 


was metabolized and 


hours: 45% appeared in the urine, 4.2% 
as ('QO,, and 1.5% in the feces It 


that red blood 


vitro took up nicotinic acid, but not 


was observed cells in 
nicotinamid, presumably indicating that 
the former is the active agent. Car 
boxyl-labeled nicotinic acid was given 
to rats, who excreted N-methy] nico- 
tinamid containing all of the C'* (310 
Thiamin. More than 10 
Borsook and associates prepared thia- 
labeled with S8* These 


studies thiamin 


years “go 


min (307) 


early showed that 


rapidly enters the tissue from the blood, 


and that there is rapid interaction of 
the injected vitamin with that present 
in the body. A significant amount re- 
mains in the tissues even after 36 days 
3-1 free diet. 

Chandler recently repeated the thia- 


on a 


min synthesis and used it to study the 
host-parasite relationship of Hymeno- 
lepsis dimenuta in white rats (908). 
The conclusion is that the werms ob- 
tained their vitamin supplies from the 
host rather than by synthesizing it for 
themselves. 


Vitamin B-12. 
been tagged with Co® 


Vitamin B-12 has 
by the Merck 
group (306); 100 mg of crystalline mate- 
rial was obtained having an 
of 0.2 


activity 
pe/mg and the physical char- 
“cold” 


Studies with it, or material of higher 


acteristics of the material, 
activity to be prepared, should aid in 
shedding light on the nature of this 


interesting vitamin. 
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IV. Dyes 


Trypan Blue. Tobin, 
\ub apparently were the first to report 


Moore, and 


on the synthesis of radioactive dyes 


11, 3 Dibrom trypan blue was 
given to tumor mice, but twice as much 
of the activity appeared in the liver as 
Since bromine, of course, 
half-life of 
only 34 hours, Stevens et al. used iodo™!- 
blue (313 
Tumor 151091a in mice 
showed a higher activity than skeletal 
skin but less liver, 

spleen, or kidneys. 
Nile Blue. The | 
blue BB has been prepared by 


Sloviter 14 


in the tumor 
has the disadvantage of a 
trypan The material was 
q pite imp ire 


muscle or than 
derivative of 
nile 
In the dog, activity 
was high in the bile and the thyroid 
In tumor-bearing mice, the concentra- 
tion in the tumor was of the same order 
of magnitude as in the liver, kidney and 
spleen He reports that such treated 
mice show ‘‘marked” prolongation of 
life. It would seem desirable that such 
experiments be repeated on a much 


scale with material of higher 


larger 

activity. 
Di-iodofiuorescein. 

and use of this dye for use in brain 


The preparation 


tumor localization has been described 
in detail in Section 3 of Part I. 
Tetraiodophenolphthalein. We have 
tagged this material in 95% yields and 
better 98% purity. 
of its use are yet available. 
Iodo-tetrazolium Salt. Seligman et 
al. studied the body distribution of an 
(315). It disap- 
from the circulating 


than No reports 


iodotetrazolium salt 
peared rapidly 
blood, and appeared in greatest amount 
in kidney, liver, and lung. 
37 contained less radioactivity than 


Sarcoma 


most other tissues 


V. Alkaloids and Glycosides 
Digitoxin. Some work has appeared 
regarding the metabolism of C'4-labeled 
alkaloids (316, 317). 
According to Geiling, Kelsey, et al., 
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and glycosides 


radio-digitoxin (purity not accurately 
known) has been injected into rats, 
guinea pigs and dogs. The amounts 
found in tissues, including liver, kidney, 
heart, and skeletal muscle, were small 
and less than would be expected if the 
Most 


activity was found in the excreta, as a 


dose were evenly distributed. 
water-soluble fraction. 
Nicotine. 
by growing tobacco in CO, was given 
The urinary 


Labeled nicotine, obtained 


in 5-10 mg doses to rats 
excretion represented only 8-12% of the 
total amount given (3/8), 

Morphine. Morphine, 
activity of 152,000 epm/mg, was also 
secured by this group and purified by 


having an 


chromatography. No in vitro results 
seem to have been reported. 

Codeine. 
Adler and Latham, codeine, tagged by 


C'4 in OCH, group, is demethylated in 


Prepared synthetically by 


vivo, the methoxy! being oxidized to 
COs which is expired by lungs. The 
reaction takes place primarily in the 
10% being demethylated in 4 
Transmethylation was not ob- 


liver, 
hours. 
served in vitro (319). 


VI. Carcinogens 
Dibenzanthracene. A biological prob- 
lem that 
mechanism of the production of tumors 


Heidelberger, first at 


remains unanswered is the 
by carcinogens. 
California and now at Wisconsin, has 
made very careful studies in this field 
('4-tagged producing 

According to papers he and 
during 1948-1950, 
dibenzanthracene was 


using cancer 
agents 
others published 
9,10-labeled 
given by a number of routes; in every 
case, degradation of the absorbed por- 
tion extensive, with elimination 
through the bile of at least four sub- 
stances (320-323). Tumors induced by 
the drug showed varying amounts of 


was 


degradation, but there always remained 


some of the agent. 
20-Methyl-cholanthrene-11-C"*. 
20-Methyl-cholanthrene-11-C'* was 
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given intramuscularly to mice. At the 
end of 7 weeks, 50% had disappeared 
Both the rat 


of disappearance from tumor tissue and 


from the injection site. 


the distribution of degradation products 
were similar to the observations with 
dibenzanthracene. 
Dimethyl-aminoazobenzene. bois- 
sonnas, Turner, and du Vigneaud 
synthesized dimethyl-aminoazobenzene 
ind labeled one of the methyl! groups 
with C!4 (3274 When fed to rats, 57% 
of the ingested C'* was removed in the 
expired air over 10 days, and 1.3% ap- 
peared in the urinary urea. The 
detoxification is obviously an oxi- 


dative demethylation, but one cat 


not he Ip wondering about the fate of the 
remainder The analogous azo dye, 
3’-methyl-C''-4-dimethyl amino azo- 
benzene, has just been prepared, but 
no tests have been reported (3.25 
Salzberg and Griffin studied the dis- 
tribution of this dye in normal rats and 
in rats prey iously fed inactive dye (32 
No difference in the two classes of 
animals was found \ large percentage 
of the administered activity was ex- 
creted rather rapidly in the urine. No 
(''* activity was found in expired COs, 
8-Azaguanine. Studies with S-aza- 
guanine (guanazolo) in normal and ad- 
‘ nocarcinoma-bearing mice have shown 
that a little of the 2-carbon atom is 
oxidized to CO, and exhaled but that 
most of that atom is excreted in the 
urine. No evidence was obtained that 
the compound in question, or that the 
2-carbon therefrom, was preferentially 
iccumulated, fixed, o1 incorporated in 
ko771 tumors which are known to be 
inhibited by S-azaguanine. The nu- 
cleic acid fraction from the tumor was 
no higher in radioactivity than that 


from normal viscera tissue (122). 


Vil. Estrogens 


Dibrom-estrone. 
was prepared by the bromination of 


Dibrom-estrone 


equiline and given to rabbits, monkeys, 
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and dogs (327). It was not selectively 
localized in the adrenals, spleen, uterus, 
ovaries, or testes. There was high con- 
centration in the gall bladder within 6 
hours, and later appeared along the 
bowel It was presumably excreted as 
i phenolic steroid. The product was 
only weakly, if at all, estrogenic. 

Sodium Estrone Sulfate. Sodium 
estrone sulfate (S**) has been made by 
the Ayerst, MeKenna, & Harrison, Ltd., 
and submitted to several laboratories 
for study. It was found that the rat 
liver contained an enzyme that rapidly 
and completely hydrolized this material, 
with the elimination of inorganic sulfate 
(328, 529) 

Iodo-alpha-estradiol. An iodo- 
ulpha-estradiol has been prepared by 
Albert, Heard, LeBlond, and Saffran 
(330). The most noteworthy aspect of 
the metabolism in male and female mice 
is accumulation in the gastrointestinal 
tract via the liver and the bile. There 
was a marked increase in the mammary 
glands of mice during pregnancy 
Only a small part apparently exists in 
conjugated form, 

Methyl-estradiol. Much more log- 
ical is the labeling of methyl-estradiol 
by C'* in the 17 position (337). At 1 
mg levels in female rats, most of the 
activity Was recovered from the feces 
over a 72-hour period, with a small 
amount in the urine. Excretion was 
primarily through the bile. 

Brom-dimethyl-ethyl-allenolic Acid. 
srom-dimethyl-ethyl-allenolic acid (an 
artificial estrogen) was studied briefly 
Unlike 


thyroxine, there was no measurable 


by a French group (332). 


penetration into the hypophysis. The 
accuracy of their experimental methods 
ray be open to some question, 
Progesterone. ‘The Doisy group pre- 
pared progesterone-21-C'* in 38% yield 
(333). When given intramuscularly, 
most of the activity was excreted in the 
bile over a 4-day period, less than 10% 
appearing in either the urine or expired 
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alr. The bile 


ferred 


appeared to be a pre- 


route of elimination, with the 
urine an easy alternate 
Testosterone. Tagged testosterone 
s been prepared by Turner in a very 
‘r way, but we have not noted any 


reference to its use in experiments (334) 


VII. Biological Materials 


Cytochrome C. 
tagged with Fe® 


Cytochrome ¢ 

was synthesized bio- 
studied 
535 [t seems to be very rapidly dis- 


logically and its metabolism 
posed ot by t he body, and little if any 
This 


mechanism of its beneficial 


is found in the brain and heart. 
leaves the 
clinical administration quite unknown 
a F 
Creatine and Creatinine. Mentioned 
previously under ‘‘ Methyl Donors”’ in 
section II on Amino Acids. 
Cholesterol. The California group 
incorporated doubly (C'*) labeled acetie 
acid with adrenal cortex slices and after 
incubation isolated labeled cholesterol 
537) In intact rats, cholesterol pro- 
duction was the same in normal as in 
hepatoma-bearing animals. It has also 
been observed that the rat artery can 
fatty 
into phospholipids, a 
significant observation in light of the 


convert acetate to acids and 


iT corporate Pp 2 


current interest in arteriosclerosis (338). 
4,65-Cholestenone. 


was found to be 


1.5-Cholestenone 


well absorbed and 


apparently converted to dihydrocho- 
lesterol, with a trace to cholesterol (339). 


Tagged Bacterial Spores. 
Hammer, and Corrigan have published 


Pearson, 


‘t of papers which do not seem 


ave received the attention they 
Bacterial 


deserve S40—342). spores, 


tugged by growing them in the presence 
of I 
Non-pathogens 


were injected into animals. 


gave an increase in 

unts in the reticulo-endothelial sys- 
tem and the thyroid, while the patho- 
gens studied (such as Blastomyces and 
Tubercle bacilli) resulted in the retention 
of activity in lesions. 
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Globin. Glycine (COOH labeled) 
feeding to dogs and rats led to incorpor- 
ation of the C'* in the globin portion of 
The 


globin of the erythrocytes apparently 


hemoglobin, but not in the heme. 


does not take part in the dynamic pro- 
tein interchange and is not re-utilized 
(343-344). 

Phosphory!l Choline. This 
compound” was prepared by Riley in 
a study of phosphorylation mechanisms 


(345). 


“type 


Following intraperitoneal in- 
jection, it disappeared rapidly, the P*? 
appearing in the blood as inorganic 
The same has been found 
true for injected P**-labeled proteins 
(vitellin, liporitellin, ete.) (346). 

Tagged Serum Albumin and Globu- 
lin. This has been discussed in detail 
in Sections 4 and 10. 

Tumor Necrotizing Polysaccharide. 
Tumor necrotizing polysaccharide has 
It has 
also been coupled with iodobenzene- 
diazonium chloride (315). The highest 


concentrations were found in liver and 


phosphate. 


been iodinated directly (347). 


lung, while the lowest occurred in 


tumor tissue. Disappearance from the 
blood stream was rapid. There was no 
evidence that the clinical course of the 
disease was favorably affected by the 


administration of iodopolysaccharide. 


IX. Metals and Organic Derivatives 


Bone Seekers. 
hazards of 


Since protection 
handling the 
highly dangerous fission products was 
Manhattan 
rather large literature has 


against the 
an essential part of the 
Project, Aa 
developed of direct medical significance 
(348). Yttrium, plu- 
tonium, while not taken up from the 


cerium, and 


gastro-intestinal tract, on inhalation 
remain for a long time in lung tissue. 
The predilection of such other elements 
as strontium for the bony structures 
where it remains localized is also well 
known (349). 

Schubert and White have shown that 
certain citrate salts can assist in the 
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cretion of beryllium and _ possibly 


er elements (3450 Studies involv- 
fate of some 33 “nonessential 
clements on a tracer scale are summar- 


ized 1A0 


reviewed recently, further refer- 


Since these subjects have 


e will not be made to them here 
ArsenicCompounds. <A good method 
of preparing AsC] 


ind from this has been made 


has been developed 
labeled 
itoxyl, arsacetin and salvarsan (351 
No biological experiments have yet been 
reported 
Reference has already been made to 
use ot 


As for irradiation purposes 


Lawton et al. gave sodium arsenite to 


otton rats infected with Litomosoides 
orinuit and found a higher activity in 
the tissues of the parasite than in the 
addition to labeling 


Axelrod and 


lewisite 


Lewisite. In 
mustard gas with §S 
Harmuilton tugged 


\s7' 335). By means of 


have with 
radioau- 
that, 


ing application to the skin, most 


tography they demonstrated 
irritant was concentrated in the 
epidermis and little in the dermis or the 
corium 
Barium Sulfate. (randall has shown 
that traces of barium are absorbed (by 
rats) from BaSO,, but probably not 
enough to mitigate against its use in 
\-rav studies (3456 
Gold. For 
gold colloids, see Section 5. 
Gold Sodium Thiosulfate. 


ind Tobias find that shortly 


the therapeutic use of 


Bertrand 
after the 
introduction of gold sodium thiosulfate 
into the blood stream of animal and of 
man, the compound is so altered as to 
be nondialyzable and is closely 


ciated with the 


MSs0) 


plasma (35 Such 


injected gold sodium thiosulfate has 


been found to cross the placental bar- 


riet In an earlier paper, they ob 


served that in chemically produced 


irthritis’ there Was un concentration 
of gold over normal, but that this was 


not specihie hor joint tissue OS) In 


72 


human arthritic, the synovialis con- 
tained a somewhat higher concentration 
skin, ete Certainly the 


in muscle, 
vtivities achieved are such as to pre- 
clude radiation therapy 

Iron and Iron Preparations. [ron is, 
course, one of the oldest of drugs, 
sut its use has usually been empirical 
ind on none too sound a scientific basis. 

he minute amount of iron absorbed 
from any given dose in comparison with 
stores, and the com- 


the total body 


plexity of its life cycle, have made 


particularly valuable the extremely 


methods. Two iso- 
Fe® with a 2.9]1- 
with a 46.3-day 
that the 


sensitive 1otopic 
available, 
year half-life, and Fe 
half-life It 
latter, and preferable, isotope has been 


tope s are 


is only recently 
ivailable from Oak Ridge. 
The 


were those of 


initial biological experiments 
Hahn, Bale, 
ind Whipple (349 Their first 


tribution was the observation that the 


Lawrence 


con- 


body has the unique ability to accept or 
reject iron following ingestion, depend- 
This 


observation was made possible by the 


ing on the need for the element 


ibility to recognize the presence of the 
newly administered tagged iron in the 
plasma, and Jater in the red-cell hemo- 
that in 


deficiency anemia, the absorption was 


globin, and to show iron- 


increased many times over normal 


This finding led this group to postulate 
in acceptor mechanism in the gastro- 


intestinal mucosa which normally is 


suturated with iron, and _ therefore 


allows a minimal passage from the 


lumen to the plasma. 

They further showed isotopically that 
upon the destruction of red cells, the 
hemoglobin iron was converted to 
ferritin in the liver and spleen, thus 
being biologically conserved and in part 
stored until needed. 

Human experiments have been ecar- 
/) 


ried out bv several groups (360-SF 


It was found that in human beings, 


tagged ferrous iron was absorbed many 
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times more efficiently than ferric. 
Feeding a standard test dose to growing 
7 to 10-year-old children showed that 
the uptake was closely related to esti- 
increases in body iron 
In 1,000 preg- 
was found that there 
was from 50-100% greater absorption 
of iron in the last quarter of pregnancy 
than in the first quarter (364). It was 
further that controlled inflam- 
matory processes depressed iron absorp- 


mated yearly 
during growth (363). 


nant women, it 


shown 


tion considerably (365). 
been made 


on iron needs in various types of anemia, 


Extensive studies have 
particularly those resulting from hemor- 
rhage (36¢ ~0.5 mg of iron needs to 
be absorbed for each cm? of blood lost. 
The Parke Davis «& 
group has attempted to modify the 
course of the malaria infection in ducks 
and canaries through the use of radio- 
active colloidal iron. Even blood levels 
of 1 uwe/em® at the time of infestation 
seemed quite without effect (367). 
Selenium. The incorporation of Se7® 
in body tissues was recently reported 
\t 24 hours after the injection 
of sodium selenite, Se7> was present in 


Co. research 


(S68 


albumin, and globulin in roughly similar 
amounts. Dialysis indicated a fairly 
stable protein-like combination. Since 
incorporation of selenium, unlike sulfur, 
does not seem to take place in bone 
marrow, the suggestion is made that 
it enters the molecule through some 
an “exchange” reaction (369). 

Silver. West, Johnson, and Johnson 
have attempted to use Ag!!! of 7.5-day 
half-life as well as Ag!°8-"!9 of 225-day 
half-life for concentration in infected 
areas, After an injection of the nitrate 
into one leg, relatively high counts were 
found in the other leg in which an infec- 
tion had been developed (370). The 


sort of 


isotope Is subsequently excreted by the 


liver into the intestine, presumably by 
way ol the bile. The 8.5-day Ag! is 
being studied, but formidable difficulties 
are presented by the difficulty of secur- 
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ing activities in the therapeutic range. 

Antimony—Tartar Emetic. Tartar 
emetic has been synthesized containing 
mixed Sb'* and Sb'** from the cyclo- 
tron. It found that the blood 
level drops rapidly and reaches a very 
low level after 6-8 (371-373). 
The highest concentration was found 
in the liver; the thyroid and parathyroid 
had the highest 
Dogs naturally infected with Dirofilaria 


was 


hours 


next concentration, 
immitis were given this drug, as well as 
sodium antimony! xylitol and As,Qs. 
It was found that the adult filaria 
ranked high in antimony content, and 
considerably higher than would have 
been characteristic of random distribu- 
tion. It 
injected with S. mansoni were used the 
adult flukes contained a relatively high 


was found that if hamsters 


concentration of antimony. 

As much as one month was required 
for a man to eliminate 50% of a single 
dose of potassium antimony tartrate, 
during which time the liver had been 
subjected to 35 rep of radiation (374). 


X. Miscellaneous Compounds 

2-6 Diaminopurine. This material, 
C'4labeled in the 2 position, did not 
undergo extensive oxidation, but was 
(122) through the urine 
largely as allantoin. No localization 
was noted in the neoplastic tissues of 
mice. It is interesting that at the end 
of 24 hours the 2 carbon atom was laid 


eliminated 


down heavily in the bone marrow, 
with little in epiphyseal cartilage or 
diaphysis. 

Anthranilic Acid. 
group have studied the metabolism of 
anthranilic acid and its p-isomer (374). 
In the first 24 hours, 79-83% appeared 
in the urine and 2.5-3% in the feces. 
The gave 3.8% in exhaled 
C4O., and the p-isomer less than 1%. 
In neither instance was there any tissue 
activity after 24 hours. 

Acetone. Acetone, C'*-labeled in 
the methyl positions, was studied in 
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The Los Alamos 


o-isomer 











10% of the 


as carboxyl compounds 


rats. Less than activity 


Wf expired 
At least half of the activity was oxidized 
to ©C'Q. and exhaled within 24 hours. 


was converted to an acetylating 


Pome 


agen ind some showed up 1D such 


diverse organic compounds as urea, 


liver cholesterol, glutamic acid, heme, 
liver glycogen, aspartic acid, arginine, 
and fatty acids (37¢ 

Carbon Tetrachloride. Beamer has 
reported C'4-labeled CCl, 
When applied to the skin of monkeys 


for 270 minutes, ¢ 


upon 
activity Was not 
measurable in the blood after 48 hours, 
or in the expired air after 5 days. 
When inhaled, 30% 

metabolized; 10-20% 
expired air was present as C'O,; 20% 
of that absorbed was exhaled as CO, 


18 hours 


was absorbed and 
in the blood and 


during The remainder was 


urine and feces (377, 378). 
S**-labeled CS, 


sub- 


in the 
Carbon Disulfide. 
intraperitonealiy, 


was injected 


cutaneously, intramuscularly, and in- 
tracardially into guinea pigs and mice, 
inhaled 20-50% of 


the intracardial dose was retained, and 


and also Some 
it was generally distributed throughout 
the body 
in the 


tion was excreted in 30-60 minutes; of 


tissues, with a larger amount 


liver The nonmetabolized por- 
that retained, some 30% appeared in 
the urine as inorganic sulfate (379). 
Ethyl Alcohol. 
75% to COs, in 5 hours, and 90% in 
10 hours. There 
of destruction in habituated rats (380). 
Hexa (1-C'‘-ethyl) Tetrapolyphos- 
phate. ‘This has been found to form a 
stable complex with plasma cholines- 
(381). About 83% of the fixa- 


tion was related thus to enzyme inhibi- 


Rats orally oxidized 


was no acceleration 


teras¢ 


tion: the rest to less specific reaction. 
Histadine-2-C'*. This 


was prepared by Reid and Landefeld 


compound 


382), and its distribution studied in 
rats bearing chemically induced hepa- 
About 8% 


CO, during the first 


74 


tomas. was excreted as 


2 hours, 7% 


‘ 


ippeared in the urine and 6% in the 


The 


tissues, the 


remainder was scattered 


feces 


in the highest concentra- 


tions being found in plasma, tumor, 
spleen, and kidneys. 

Mustard Gas. 
Wormall 


mustard gas with S 383, 384 


During the war, the 
labeled 
They 


found that such labeled material com- 


group in England 


bines readily and rapidly with various 


proteins Un vitro) to at least the extent 
of 22 moles per 


This 
group but is apparently only a minor 


“unit” of 
involves the SH 


protein. 


combination 


one of the actual reactions taking place. 
The corresponding sulfone reacts chiefly 
with amino groups, but the sulfoxide 
does not. Given intravenously it was 
rapidly removed from the blood stream, 


as much as 17-22% of the S*® being 


‘ 
é 


excreted in 4 hours, with 7% being 
found in the bile. There 

spread distribution in the body tissues, 
particularly in the kidneys, lung, and 
The sulfoxide and sulfone have 
and 


was wide- 


liver. 
similar also 


reacted with tissue to give what they 


body distribution, 
term “fixed” sulfur. 

In an effort to gain a better under- 
standing of the obviously complex reac- 
tion between the vesicant and biological 
Cornell 


materials, the group has S*®- 


tagged the ‘“‘one-handed”’ mustards 
(R-S-C-C-C]). 
butyl). 


the typical 


(R equals benzyl and 
These were then reacted with 
insulin, 


proteins, pepsin, 


and tobacco mosaic virus. In each 


case some reaction took place when 
the reactants were present in the magni- 
effects. 
were 


tude responsible for vesicant 
The 


partly removed by alkaline hydrolysis, 


combined sulfur residues 
as R-S-C-C-OH, as shown by isotopic 
Acid hydrolysis resulted in 
R-S-C-C-substituted 
as again demonstrated 
This constituted 
this amino acid 


dilution. 
the removal of 
phenylalanine, 
by isotopic dilution. 
evidence for at least 
being involved in the reaction (385-387). 

Serum proteins labeled with mustard 
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gas have been used in immunological 
investigations (5838) 

Urea. In mice, the Los Alamos 
group found urea-C' to be converted 
extent of 21% into C™QO, and 
exhaled; 79° was excreted unchanged 
half-life is 


remains after 24 


to t he 


SY The biological five 
only 4% 


Radioautographs showed urea 


hours, il d 
hours 
the only labeled compound in the 
Initial distribution in the body 


ues bs random 





In this report, an attempt has been 


made to summarize briefly progress 
made to date in certain specific fields 
in which isotopes have been applied to 
pharmaceutical and 


have likewise 


the solution of 
medical problems. We 
noted that progress has been made in 
the diagnostic and therapeutic use of 
This from 
day to day, seems discouragingly small. 
Taken altogether, it represents a very 


isotopes, progress, seen 


much worth-while contribution. 

Four great obstacles to the full use 
of isotopes in chemistry, pharmacy and 
being dissipated: (1) 
Research workers in general are rapidly 


medicine, are 


Conclusions 


Krypton and Inert Gases. While one 
may not, strictly speaking, refer to the 
‘metabolism ”’ of the inert gases, studies 
with them, particularly radiokrypton, 
have contributed considerable informa- 
tion to our knowledge of circulation in 
the extremities, particularly under 
conditions of abnormal pressure (390), 
A rather surprising observation is that 
gas given by stomach tube appeared 
rapidly in the circulation of the ex- 
tremities and in the exhaled air 





losing their fear of isotopes and coming 
to look upon them as a very useful tool. 
(2) A well-trained group of “‘isotopol- 
ogists” is gradually being built up who 
understand the limitations and hazards, 
as well as the advantages of isotopic 
studies. (3) Basic data, methods, and 
equipment are being developed to the 
point where one can proceed with a 
problem without spending months in 
(4) The availability 
of tagged compounds, reagents, and 
of a purity and 
pharmaceutical quality equal or supe- 


preliminary work. 
research medicinals 


rior to ordinary drugs is well on the 
way to being an established fact. 


We wish to express our thanks to Mary Savoie and Daniel Dunnigan for the use of 


informattor 


assistance 


ind methods developed by them, and to Dolores Wey and Jane Figley for 
in the preparation of the manuscript. 
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Nuclear Data for Low-Power Reactors 


x 


recently declassified low-} 


ower resear 


Nuclear properties of uranium of importance in the design and operation 


h reactors have been released by 


itomic energy authorities of the United States, the United Kingdom, and 


nada All of the data released pertains to uranium and reactors in which 


ised 


ll almost iii Values of neutron 


ections for fissionable materials 


energies other than thermal. The 
leased data includes: 
Thermal 
For uranium, currently accepted values 
Max- 


most 
2,200 


neutron cross’ sections. 


lor an ipproximately 
utron spectrum with a 


velocity ol 


Vatural U 





The CTOSS S@CC- 


Fission cross section. 
tion for fission of natural uranium by 
neutrons having energies between 0.7 
ind 5.0 Mev is given in the figure on 
this page. The curve has been drawn 
to fit the most reliable current data. 

Neutrons per thermal neutron fission. 
This + 0.1 for U*5. 

Prompt-neutron energy spectrum. 
The energy distribution of 


value is v = 2.5 


prompt 


from the thermal 


neutron fission of U?55 


neutrons 


resulting 
is given by 
[sinha/2k] + exp (—£) 
vhere # is the neutron energy in Mev 
This 


experi- 


the | iboratory system. dis- 


ution function represents 


ental data up to neutron energies of 
Mev 


with a maximum deviation of 


Fast fission effect. 


the fast 


Typical values 
fission contribution to the 
vitvy of research reactors are: 
in a reactor of the CP-2 or Gleep 
(*P-3 or 


1°) in a reactor of the 


Similar data on other fissionable materials will remain classified, 


Leep type (‘P-2 and Gleep are low- 


power graphite, uranium reactors at 
the \rgonne National Laboratory and 
('P-3 and Zeep 
water, uranium 
and Chalk 
Resonance absorption integral. An 


ipproximate empirical formula for the 


Harwell, respectively 
ire low-power heavy 


reactors at Argonne River 


effective value of the resonance absorp- 
tion integral in natural uranium is 
lo.(F£) (dE /E) = 9.25{1 2.67 (S/M 
where the value is in barns, the integral 
is over the range of neutron energy from 
hssion energy to thermal energy, S is 
the uranium surface area in cm?, and 


Vis the uranium mass In grams. 





O7F 


S 


Fission Cross Section (barns) 





O7 10 15 2025 35 50 
Neutron Energy (Mev) 
Fission cross section of natural uranium 
from 0.7 to 5.0 Mev 
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Unit Operations, by George Granger 
grown et al., John Wiley & Sons, Inc., 
York, 1950, xii + 611 pages, 
Reviewed by Warren E. Winsche, 


m of Chemical Engineering, 


Ne W 
$7.50 
Head, D 


Brookhaven National Laboratory. 


This is the only book in several years 
that 
ment of the basic principles of chemical 


presents a comprehensive treat- 


engineering. Only two earlier texts are 
“Principles of Chemical 
Engineering’? by Walker, Lewis, Me- 
Adams, and Gilliland (3d edition, 1937), 
and 


ing’’ by 


avail ible: 


‘Elements of Chemical Engineer- 
McCabe (1936); 
information 


Jadger and 


althoug] very extensive 
on the unit operations appears in con- 
form in Perry’s ‘‘Chemical 
Handbook” (3d 
graduate-level books are 
the individual 
comprehensive 
texts available, the new book has the 


densed 
Engineers edition, 
1950), and 
available on many of 


operations. Of the 


advantage of including the results of 
reduction in 
empiricism resulting from an improved 


recent research and a 


knowledge of mechanism in several 
operations. 

The unit operations are the ‘‘ building 
blocks”’ of chemical and process plants. 
Widely different 


radioisotope separation and fluid cata- 


processes such as 
lyst cracking units are specific combina- 
tions of the appropriate unit operations. 

With few exceptions the individual 
engineering 
counterparts of manipulations of phys- 
On a laboratory scale, 
the separation of a component mixture 
be carried 
out by shaking the mixture and a selec- 


unit operations are the 


ical chemistry. 


by solvent extraction can 
tive solvent in a separatory funnel and 


decanting the phases. These means 


are neither adequate nor economical for 
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engineering use. The study of solvent 


extraction as a unit starts 
with the description of the wide variety 
of industrial-scale equipment for effect- 


ing extraction, and includes methods 


operation 


of calculation of the rate of extraction, 
and thus of the eiciency and capacity, 
variation of rate of extraction with flow 
rates, and limiting flow rates. 

The practice of process engineering 
is the selection of the most satisfactory 
equipment for specific applications in 
terms of efficiency, cost, available corro- 
sion resistant materials of construction, 
and maintenance. 

The method of development of the 
unit operations 
the authors in 


fundamentals. of the 
are best described by 
their preface: 
“The inductive method is generally 
followed, relying observations 
from experience rather than upon de- 


This method 


upon 


ductive rationalizations. 
is a powerful tool of the practicing 
found most 


stu- 


engineer and has been 
satisfactory for 


However, kinetic explanations 


undergraduate 
dents. 
are not neglected and receive increas- 
ing emphasis in the last part on energy 
transfer as an important 
understanding 


and 

means to a 

of the mechanisms involved.”’ 
While this method may be of question- 
able value for undergraduate students 
who have little if any experience on 
which to build, it is very well adapted 
for physicists, chemists, metallurgists, 
and others in applied research without 


mass 
thorough 


a formal background of unit operations. 
It can provide both a basis for general- 
izing their with 
processing methods and equipment and 
a good background for understanding 
the requirements of applied research, 
the type and quality of data needed 
for design and development work, and 
the broad gap between laboratory data 
on a process and final operating plant 
The presentation is adequate, though 
it lacks the clarity that often results 
from multiple rewritings. The physical 


19 


specific experiences 

















nake-up ol the book is excellent: it 1s 
workable 


isy to and has good 


helpful 


productions of equipment. 


read 


graphs and photographic re- 


Industrial and Safety Problems of Nu- 
clear Technology, edited by Morris H 
S| ind Sidney (i. Roth, Harper 
New York, 1950, xii 368 


1mmos 
& Brothers 


$4 


talks 
ta conterence sponsored jointly 

York and the 
Energy Commission. Its title 
‘Nuclear tech- 


ordinarily refers to engineering 


This collection of 
given a 
by New 
Atom 


quite 


book Is a 
University 


misleading 
nowgy 
related to nuclear reactors 


problems 
It is pointed out in the pretace that 
industry is unlikely 
rally in the 
Thus, the 


radioisotopes are 


to participate gen- 
reactor field in the near 


butiure topics discussed 


mainly considered 


of more immediate industrial 


is disappointing that as well or- 

ized a conference as this was with 
is Lopnot h a roster of speakers chose 
to avoid reactors Progress in reactor 
development in this country has been 
an insufficiency 


seriously retarded by 


of qualified participating engineers, 


Such a conference as this could have 
made a contribution toward interesting 
Also, it should 


be pointed out that if there ever is an 


engineers in this field 


itomic industry it will be in connection 
with reactors 

Within its limited this book 
does an excellent job in giving one an 
what 


scope, 


over-all picture of radioisotopes 
thes are, how they have been used, how 
they can be used, and what the physical 
ind health problems involved in their 
ise are \ 


radioactive 


typical laboratory for 


handling materials is de- 
= ribed., 


panel discussion on what 


figures presented in a 
the cost of 


with 


such a laboratory might be. 
\ particularly interesting discussion 


80 


is one of special instrumentation which 
is frequently necessary in work with ra 
dioactivity. tequirements for specihe 
situations are presented 

Another part of the book is devoted 
insurance.’ 


to “hazards, safety, and 


Present knowledge on the effects of 


radiation on humans and how hazards 
Qn insur- 
that 


of the users of 


are controlled are deseribed 


ance, it 18 interesting to note 
perhaps more than 95‘ 
charged no higher 


than 


radioisotopes nre 


Insurance premiums unexpe sed 
individuals 

A valuable part of the book is the 
section devoted to activities of the 


AEC, in which 


ol the 


N good sketch is given 


contractual policies of the 
Commission 


This 


reader 


book is recommended to the 
who wants to get a broad pic- 
exclusive of reactors, of what the 


J.D.L 


ture 


atomic-energy field consists 


Classical Mechanics, by Herbert Gold- 
stein, Addison-Wesley Press, Inc., Cam- 
Mass., 1950, xi1 + 399 pages, 
$6.50 Reviewed by Norman F. Ramsey, 


Professoi ot Ph US8ics, Harvard University 


bridge, 


is there published an 
advanced book 


a reviewer can be unreservedly 


Only rarely 


physics text about 
which 
enthusiastic. Goldstein's ‘Classical 
Mechanies,”’ however, is such an excep- 
tional book 
chosen the material covered and pre- 
sented it with clarity and thoroughness 


Although many of the discussions are 


The author has wisely 


presented from a new point of view, the 
author wisely avoids originality purely 
for its own sake and presents new dis- 
cussions and proofs only when they are 
superior to the conventional ones 

This book is particularly valuable as 


a presentation of those topics of classical 


mechanics which are most closely re- 
lated to quantum mechanics and other 
developments in theoretical 
Thus the Hamilton-Jacobi 
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modern 


physics. 





theory is thoroughly discussed and its 
relation both to the Sommerfeld quan- 
tum theory and to wave mechanics is 


clearly presented. Similarly, there is 
canonical 
brackets 
relation of these to the com- 
The 
rarely described Cayley-Klein param- 
and their 
the spinors of 


in extensive discussion of 


transformations and Poisson 
and of the 
mechanics. 


mutators of matrix 


eters are clearly dise issed 


close relationship to 
quantum mechanics are pointed out. 
Goldstein's discussion of central force 
motion has been extended to include 
the classical solution of scattering prob- 
Unlike me- 

this good 


chapter on special relativity in classical 


lems most books on 


chanics, text contains a 
mechanics 

\ chapter that should be of particular 
value to students of modern develop- 


ments in quantum mechanics is his 
final chapter on continuous systems and 
fields. 
classical theory of fields from the point 


of view that has proved most useful in 


In this chapter he discusses the 


leading to the modern quantum theory 
of fields 
of no other published discussion of these 


The present reviewer knows 


aspects of classical field theory that is 
as good as the one in this book. 

At the end of each chapter, the author 
not only lists the most useful reference 
books but also provides a succinct, but 
very relevant, one-paragraph review of 
This short review indicates the 
book that 


most valuable and, in some cases, cau- 


them 
portions of the should he 
tions against errors or notational con- 
These 


brief reviews add immensely to the value 


fusion to be found in the book 


of the reference list and it is to be hoped 
that authors of other advanced physics 
texts will adopt this practice. 

The writing is in a clear and interest- 
ing style with the organization of the 
material being carefully planned. In 
a few places, even humorous remarks 
have been inserted, such as a footnote 
on page 161, ‘‘ Hence the jabberwockian 
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sounding statement: the polhode rolls 
without slipping on the herpolhode 
lying in the invariable plane.”” How- 
ever, the author wisely restricts such 
remarks to cases in which they definitely 
contribute to an understanding of the 
subject so that they in no way detract 
from the book as a whole. 

A number of illustrative examples are 
solved in the text to demonstrate the 
application of the general principles to 
Also a number of 
problems are given at the end of each 
chapter. These problems are well 
selected to extend the 


specifie problems 


illustrate and 
discussions of the text. 
The entire book is of such a high 
quality that criticisms and suggestions 
for changes are almost 
trivial. Since there is already in the 
book some continuous 
media from a less conventional point of 
view the present reviewer would like to 
have seen this balanced by a discussion 
of the more conventional aspects of 
elasticity theory. However, such a 
change should be made only at the 


necessarily 


discussion of 


expense of an increased length to the 
book since no part of the present book 
should be omitted in favor of such an 
addition. Some of the figures of the 
book are given a somewhat sloppy ap- 
pearance by virtue of the background 
of the lettering not blending with the 
rest of the background. This is par- 
ticularly conspicuous in Fig. 4-6 

As both a text and a reference, the 
book is excellent. In this reviewer's 
opinion, it is the most suitable of the 
available books as a text for a modern 


graduate course on dynamics or classical 


mechanics. 


The Human Use of Human Beings, by 
Norbert Wiener, Houghton Mifflin Co., 


Boston, Mass., 1950, 241 pages, $3. 


This nonmathematical 
presentation of ideas put forth by the 
author several years ago in ‘“‘Cyber- 
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book is a 














” 


netics.” The present work has a chap- 
ter which is particularly pertinent to 
the atomic-energy field-——‘‘ Communica- 
tion and Secrecy in the Modern World.” 
We have extracted below some state- 
ments from this chapter which we feel 
to be of especial interest: 


“(The 


that it is possible to store up the mili- 


man in the street] believes 


tary and scientific know-how of the 


nation in static libraries and labora- 


tories, Just as it Is possible to store up 
the military weapons of the last war in 
the arsenals. Indeed, he goes further, 


and considers that information which 


has been de veloped in the laboratories 


of his own country is, in some moral 
extr ilegal sense, the property of that 
country; and that the use of this in- 
other 


result of treason, but 


formation by nationalities not 
oni may be the 
intrinsically partakes of the nature of 
theft He cannot conceive of a piece of 
information without an owner 

The idea that 


a changing world without an 


information ¢: be 
stored in 
overwhelming depreciation in its value 
is false It is scarcely less false than 
the more plausible claim that after a 
war we may take our existing weapons 
fill their barrels with cylinder oil, and 
coat their outsides with sprayed rubber 
film, and let them statically await the 
next emergency 

‘Information is even more a matter 
of process 


Phat 
security whose informational and scien- 


than a matter of storage. 


country will have the greatest 
tihe situation 1s adequate to meet the 
demands that may be put on it the 
country in which it is fully realized that 
information is important as a stage in 


the eontinuous process by which we 


observe the outer world, and make our 
acts effective upon it. In other words, 
no amount of scientific research, care- 
fully recorded in books and papers, and 
then put into our libraries with labels 
of secrecy, will be adequate to protect 


us for any length of time in world 
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where the effective level of information 
is perpetually advancing. There is no 
Maginot Line of the brain. 

To be alive is to participate in a 
continuous stream of influences from 
the outer world and acts on the outer 
world, in which we are merely the 
transitional stage 


figurative sense to what is happening 


To be alive in the 


in the world, means to participate in a 
knowledge 
Under 
inything like a normal situation, it is 
both far more difficult and far 
important for us to ensure that we have 


continual development of 


and its unhampered exchange. 
more 


such an adequate knowledge than to 
ensure that some possible enemy does 


The 


resea rch 


not have it. whole arrangement 


of a mulitary laboratory is 
along lines hostile to our own optimum 
use and development of information. 
“Scientific discovery consists in the 
interpretation for our own convenience 
of a system of existence which has been 
made with no eye to our convenience 
at all. The result is that the last thing 
in the world to be protected by secrecy 
ind elaborate code system is a law of 
Besides the 
breaking the secrecy by a direct attack 


nature. possibility of 
on the human or documentary vehicles 
of this secrecy, there is alway s the possi- 
bility of attacking the code upstream 
of all these. It is perhaps impossible 
to devise any secondary code as hard to 
break as the natural code of the atomic 
nucleus 

‘When we consider a problem of na- 
ture such as that of atomic reactions 
and atomic explosives, the largest single 
item of information which we can make 

that they Once a 
attacks a problem which he 

have 


public is exist. 
scientist 

knows to an answer, his entire 
attitude is 


some fifty per cent of his way towards 


changed. He is already 
that answer. 

‘In view of this, it is perfectly fair 
to say that the one secret concerning 


the atomic bomb which might have 
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been kept and which was given to the 
public and to all potential enemies with- 
out the least inhibition, was that of the 
Take a 


problem of this importance and assure 


possibility of its construction. 
the scientific world that it has an an- 
swer; then both the intellectual ability 
of the scientists and the existing labora- 
tory facilities are so widely distributed 
that the quasi-independent realization 
of the task will be a matter of merely 
i few years anywhere in the world. 
There is at present a touching belief 
in this country that we are the sole 
possessors of a certain type of informa- 
tion called ‘know-how,’ which secures 
for us not only priority on all engineer- 
ing and scientific developments and all 
major inventions, but, as we have said, 
the moral right to that priority. Cer- 
tainly, this ‘know-how’ has nothing to 
do with the national origins of those 
who have worked on such problems as 
that of the atomic bomb . 
‘“A clear understanding of the notion 
of information as applied to scientific 


work 


existence of 


will show that the simple co- 
two items of information 
is of relatively small value, unless these 
two items can be effectively combined 
in some mind or organ which is able to 
fertilize one by means of the other . 
‘The dissemination of any scientific 
secret whatever is merely a matter of 
time, that in this game a decade is a 
nd that in the long run, there 
is no distinctiom between arming our- 
Thus 


terrifying discovery merely in- 


long time ¢ 


selves and arming our enemies. 
each 
creases our subjection to the need of 


, 


making a new discovery.’ 
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NUCLEONIC EVENTS 











BILLION-DOLLAR EXPANSION PROGRAM FOR AEC UNDERWAY 


Congress last month was asked to provide $1 050,000,000 for a three-phase 


m of atomic-energy expansion. Besides the building and operation of 


new AEC plants, the money will be used for increasing U.S, stocks of available 


uranium ore and providing new weapons production and storage facilities. 
The new-plants phase of the program 

is said to have $500-million earmarked The contract for this plant will he 
for a huge gaseous diffusion plant for administered by du Pont’s Explosives 
the production of U*5, to be built near Department, a new division of this 
Paducah, Kentucky department having been created for 


In this connection, five mid-west the purpose. Design and field con- 





publie utilities corporations recently struction are being handled by the 

made application to the Securities and company’s Engineering Department. 

Exehange Commission to raise $65- Don A Miller, who will be Works Man- 

million to construct power facilities ager of the Operating Plant, and Robert 

reportedly necessary for the Paducah K. Mason, Field Manager in charge of 
int They asked the right jointly its construction, will be among the first 
form a new company, to be known — du Pont officials on the scene 

as Electric Energy, Inc., which would 


operate power-generating facilities with New Uranium Supplies 
in aggregate capacity of 500,000 kilo- 
Arrangements were also completed 


watts at or near the site of the project 
pro last month for obtaining additional raw 


(‘ontractual arrangements with the 
materials. It was announced that the 


AEC are currently in negotiation t 


S. has acquired a major new source 
Meantime, preliminary work has be- 


of raw materials by contracting to buy 


ion the new production pl int to be . 
large quantities of low-grade uranium 


by It, ar | Oo rated by the 5 . 
ntl eae oe ore that is mined as a by-product of 
du Pont de Nemours and Com- ; 

of Wilmington, Del. (NU, 


q p S7 To be known iis the 


South Africa’s gold fields This source 
of uranium, which is one of the world’s 
largest, according to the AEC, will be 
sold by South Africa to both the U. 8. 
and Great Britain Neither the shar- 


innah River Plant, it will oecupy a 
of about 250,000 acres in Aiken 
Jarnwell counties, South Carolina 
se ing arrangements nor the terms of sale 
struction of this $260-million facil- 
have been disclosed 
ill start early this vear 


innouncing the location of plant, 


ORINS TO ADMINISTER 
weapons would be manufacture d at the AEC FELLOWSHIPS 


te and that the same extensive pro- The Atomic Energy Commission has 


the AEC emphasized that no atomic 


tective measures will be taken against selected the Oak Ridge Institute of 
radiation hazards as at the Hanford Nuclear Studies, Ine., of Oak Ridge, 
Plutonium Works, which du Pont built Tenn., as nation-wide administrator of 
ind operated during World War I] the AEC predoctoral and postdoctoral 
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fellowship programs for the 1951-52 
academic year. 


The 


the system 


arrangement will replace 
whereby the predoctoral 
program by four 
regional fellowship boards and the post- 
doctoral program by the National 
tesearch Council of the National Acad- 


new 


was administered 


emy ot sciences, 
For the 1951-52 


number of 


academic year, a 
tentative fellowships is 


planne d as follows: up to 150 pre- 
doctoral fellowships in the 
sciences, up to 100 predoctoral fellow- 


ships in the biological sciences, up to 30 


physical 


postdoctoral fellowships in the physical 
sciences and up to 45 postdoctoral fel- 
lowships in the biological and medical 
sciences, 

forms and further in- 
formation may be obtained from the 
Oak Ridge Institute of Nuclear Studies, 
Division, P. O. 


Application 


University Relations 


Box 117, Oak Ridge, Tenn. 


ARGONNE, DU PONT PLAN 
JOINT TRAINING PROGRAM 


Argonne National Laboratory 
kK. 1. du Pont de Nemours & Co. have 
started a joint program of training and 


and 


atomic energy development work which 
will bring du Pont scientific and tech- 
nical personnel to the Chicago labora- 
tory for periods of 6 to 18 months. 

The du _ Pont 
agreed to undertake the design, con- 


Cympany recently 


struction, and operation of a major 
new production facility in South Caro- 
lina for the AEC. 


it the new plant will be based on designs 


Production units 


by Argonne scientists 


NSRB GETS NEW PROPOSAL 
ON SCIENTIFIC MANPOWER 


Four top scientific societies, in a 
report advising the National Security 
Resources Board on the most effective 
utilization of scientific manpower, con- 


clude that the existing Selective Service 
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Laws are inadequate. They advocate 
new legislation or prompt enactment 
of supplemental legislation. 

The report, now under study by 
NSRB, is expected to be the basis of 
recommendations by the Board to the 
President, and eventually to be em- 
bodied in a bill. 

Briefly, the NSRB 
societies urges legislation along these 


report of the 





ABOUT THE COVER 
4 


UBMICROSCOPIC point source 
Sa a radiocolloid aggregate of 
polonium emitted the alpha particles 
whose tracks in a photographic emul- 
Source 


sion are shown on the cover. 


is supported a short distance ahove 
photographic plate which is immersed 
in water. Particles are emitted radi- 
ally. Those which strike the 


sion at points farthest from the source 


€ mul- 


naturally enter the emulsion at small 
angles to the plane of the emulsion, 
and their horizontal projections are 
practically identical with their full 
track lengths. This makes possible a 
fairly 
track length 


accurate measurement of true 
From the results, the 
range of alpha particles in water can 
he calculated. This 


measurements in liquids was 


technique of 
range 
worked out by H. G. de Carvalho and 
Herman Yagoda of the Experimental 
Biology and Medicine Institute, 
National Institutes of Health, Beth- 
esda, Md. 


Photo from Herman Yagoda. 
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lines: 1) registration (to 65 years of age) 
of graduates of colleges and universities 
who have majored in one of the critical 
fields of science or engineering; those 
who have enrolled in a program of train- 
ing leading to such a degree; or those 
who are employed in one of these fields. 
2) Out of this group a Scientific and 
Technical (STR) shall be 
selected, ready for allocation when 
needed. 3) A National Scientific Per- 
sonnel Board appointed by the Presi- 
dent to set up STR; to advise the Presi- 


dent on scientific manpower problems 


teserve 


and to work with and advise Regional 
Boards 1) 
ippointed by National Scientific Per- 
sonnel Board to help with STR and 
the placement of scientists when and 


tegional Scientific Boards 


where needed. 

The four societies, representing ap- 
565,000 tech- 
nicians and engineers, are the American 
Society, the 
stitute of Physics, the Engineers Joint 
and the National 


proximately scientists, 


(Chemical American In- 


Council tesearch 
Council 
NSRB in 


that it was taking steps to arrange for 


a separate announcement 


the most effective use of scientists dis- 
closed that Charles A 
tive vice preside nt of the 


Thomas, execu- 
Monsanto 
Chemical Company and director during 
World War Il of the Clinton 
tories at Oak would 
chairman of the board’s Scientific Man- 


Labora- 
Ridge, become 


power Advisory Committee. Philip 
N. Powers, who held a similar post with 
the AEC, it 


appoint d as 


was announced, has been 
specialist on scientific 


problems in NSRB’s manpower office 


CATALYTIC GETS CONTRACT 
FOR URANIUM REFINERY 


The 


pany of Philadelphia has been awarded 


Catalytic Construction Com- 
an AEC contract for design and engi- 
neering of a new uranium-ore refinery. 
The work will be accomplished in two 


phases: (1) A study of existing research 
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work on uranium- 
refining processes and development of a 
report, and 
(2) final selection of a process and de- 
The loca- 
tion of the plant has not yet been deter- 
mined. Estimated cost will be about 
$10,000,000. Catalytic is a subsidiary 
of the Houdry Process Corporation of 
Philadelphia and Marcus Hook, Pa. 


and development 


preliminary engineering 


tailed design of the refinery. 


PHILLIPS TO OPERATE 
MATERIALS TEST REACTOR 


Phillips 
been named by the AEC to operate the 
materials-testing reactor being 
built in Idaho. The multi-million dol- 
lar reactor is located on the Snake River 
Plains west of Idaho Falls. 
of three different types of atomic reac- 


Petroleum Company has 


new 


It is one 
tors being constructed at the site. 


SCANDINAVIANS TELL OF 
REACTOR PLANS 


Sweden has announced her intention 
of constructing a nuclear reactor within 
two years. It was not disclosed where 
the uranium for this project will be 
obtained. 

The Norwegians expect to have their 
reactor ready for operation sometime 
this Norsk Hydro will supply 
the heavy water, and uranium for the 
Arendal in 


year. 


reactor is being mined at 
southern Norway. 


ADVANCED MEDICAL COURSE 
OFFERED AT OAK RIDGE 


\ two-weeks advanced medical course 
in radioisotope work will be given by 
the Oak Ridge Institute of Nuclear 
Studies beginning February 5. The 
course, dealing with radioisotopes in 
therapy and in clinical tracer studies, is 
intended for research workers in medi- 
cine who have had some experience 
in basic radioisotope techniques. 

The fee for the course is $25. Ap- 
plications are available from Dr. Ralph 
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Construction of the bevatron at the University of California Radiation Laboratory has 


reached the half-way point. 
operation in 1952. 


ring-shaped magnet is being put in place. 


Financed by the AEC, this accelerator is scheduled for 
Photo shows stage of construction in which lower section of 110-foot 
It is designed to accelerate protons to an 


energy of 6 Bev 


T. Overman, Chairman, Special Train- 
ing Division, Oak Ridge Institute of 
Nuclear Studies, P. O. Box 117, Oak 
Ridge, Tenn. 


ROCHESTER HOST TO 
NUCLEAR PHYSICISTS 

Thirteen of the leading 
nuclear physicists met at the University 
of Rochester on December 16 to discuss 
high-energy physics. As guests of the 
university, they participated with more 
than a hundred other scientists promi- 
nently engaged in accelerator work and 


nation’s 


cosmic-radiation studies. 

The conference was unique in three 
respects: It was made possible by funds 
provided to the university’s physics 
department, of which Robert E. Mar- 
shak is chairman, by a group of Roches- 
ter industries. It was the first such 
conference at which reports were pre- 
sented on experiments being carried 
out on the new high-energy machines 
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in this country other than at the Uni- 
versities of Rochester and California. 
It was a conference at which theoretical 
physicists presided while experimental- 
ists presented papers. 

The guest physicists included: G. 
Bernardini, Hans Bethe, Eugene Booth, 
Kenneth Greisen, Donald P. Kerst, 
J. Robert Oppenheimer, Abraham J. 
Pais, Wolfgang K. H. Panofsky, Nor- 
man F. Ramsey, George T. Reynolds, 
Bruno Rossi, George T. Wilson, and 
Hideki Yukawa. 


U. OF ROCHESTER 
ESTABLISHES ISOTOPE CENTER 

The University of Rochester Medical 
School, in cooperation with the AEC 
and five major Rochester hospitals, has 


established a unique Isotope Center for 


distributing radioisotopes for clinical 
and diagnostic use in the area. 

The program, operating on a non- 
profit basis, will bring to participating 
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hospitals and patients the benefits of 


the,university’s extensive research and 


developments in the whole field of 


radiation. 


MICHIGAN TO GIVE COURSE 
IN RADIOLOGICAL HEALTH 


The University of Michigan School 
of Public Health will offer a training 
radiological health from 
February 5to 8. Content of the course 


course in 


will include ways ionizing radiations 
are used, biological and medical effects, 
and public health implications. The 
program is designed for health depart- 
ment personnel. 

Speakers at the four day session in- 
clude members of the Michigan faculty, 
representatives of the Atomic Energy 
Brookhaven and Oak 
Ridge National Laboratories, the U. 8. 
Public Health Service, as well as repre- 


(ommiussion, 


sentatives from other universities and 

Further information is ob- 
from the School of Public 
Health, 109 8. Observatory Street, Ann 
Arbor, Mich. 


industry 
tainable 


AEC HAS 40 FELLOWS 
IN RADIOLOGICAL PHYSICS 


Forty graduate students are now 
training under the AEC’s 
special fellowship program in radiologi- 


eal physics for the 1950-51 academic 


receiving 


vear. Twenty of the students are at 
the University of Rochester, Rochester, 
N. Y.; the remaining twenty are at 
Vanderbilt University, Nashville, Tenn. 

The ‘fellowship program is adminis- 
tered for the AEC by the Oak Ridge 
Institute of Nuclear Studies. 


ORNL GETS FACSIMILE 
SYSTEM IN LIBRARY 


A test model of a new high-speed, 


long distance facsimile system, de- 
veloped by RCA Laboratories, Prince- 
N. J., under contract with the 


Atomic Energy Commission, has been 


ton, 


installed at the Oak Ridge National 
Laboratories for providing full reference 
library outlying 
laboratories at that site. 
Operational will indicate to 
what extent existing library services at 
the laboratory can be expanded without 
greatly increasing the outlay for new 
books, particularly scarce and expensive 


service to research 


tests 


sets of bound scientific periodicals. 
The system will also prevent possible 
contamination of books and journals in 


laboratories using radioactive materials. 


IN BRIEF 


> AEC has awarded an annual grant of 
$12,000 to the University of Connecticut 
for its mass spectroscopy program. Dr. 
Stephen S. Friedland will be in charge of 
the program which is concerned primarily 
with the 


nisms in Geiger counters 


study of gas-discharge mecha- 


> One million man hours without a lost- 
time accident is the record of the 
NEPA project operated at Oak Ridge 
by Fairchild Airplane 
Corporation. An award has been pre- 
sented to the corporation by the Liberty 
Mutual Insurance Company. 


Engine and 


> Northwestern University will build a 
,16-Mev accelerator at an estimated cost 
of $150,000. 


The project 1s expected to 


be completed in two years. 


>Small errors in the accepted weights 
of a number of elements eventually may 
be disclosed through experiments to be 
conducted during the next year at Reed 
College in Portland, Oregon, under a 
$5,000 contract with the AEC. The 
investigation, titled ‘‘ Determination of 
Fundamental Atomic Weights: Ratio 
of Bismuth to Silver,’’ will be directed 
by: Arthur F. Scott, professor of chem- 
istry at Reed. 

>An estimated 1,200 employees will be 
added at the Hanford Works within the 
next six months according to George D. 
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Barr, General Electric Company super- 


pisor of ¢ m ploy ime nt 


>Britain’s Department of Scientific 
Industrial Research is spending 
£1,000,000 on nuclear research at Brit- 
ish Universities. The University of 
Glasgow was granted £250,000 of this 
for construction of a synchrotron. 


and 


> Test operations are expected to begin 
shortly with the AEC’s $3,500,000 experi- 
mental breeder reactor now nearing com- 
pletion at the 400,000-acre test station at 
Arco, Idaho. 

>Time may come when it will be wise 
to revise present security restrictions 
covering the atomic bomb even to the 
point where the size and shape of the 
bomb can be disclosed publicly, accord- 
ing to Gordon Dean, chairman of the 
Security 
requirements in atomic plants are pre- 


Atomic Energy Commission. 


senting a mountainous task, Mr. Dean 
declared in an interview published in 
U. S. News and World Report. Infor- 
mation given the Soviet Union by Klaus 
Fuchs, 


atomic bomb research one to two years. 


he asserted, advanced Russian 


>A long-range reactor planning group 
has been established at Oak Ridge Na- 
tional Laboratory as a staff group of the 
Reactor Technology Division. Under the 
direction of OR 


try to determine the direction of the lab- 


A. Lane, this group will 


oratory reactor development program. 
>(Contract for construction of the main 
nuclear reactor at Arco, Idaho, has been 
awarded to F. H. MeGraw and Co., of 
Hartford, Conn. 


building to house the naval 


> Making plutonium now costs only one 
half what it did four years ago, according 
to George R. Prout, manager of General 
Electric’s nucleonics department at Han- 
Wash 
kima. Wash., County Bar Association, 
Vr. Prout said that G. E. is negotiating 
four-year contract with the AEC 
for operation of the Hanford Works and 
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ford, Speaking before the Ya- 


anothe 7 


Knolls Laboratory in Schenectady. The 
present $1-a-year agreement, which was to 
have expired at the end of December, was 
extended to the end of January. 


>Duke University plans to install a 
4-Mev Van de Graaff accelerator in a 
$250,000 
building. The cost of the accelerator, 
$500,000, will be borne by the AEC 
which, together with Duke, will provide 
the funds for research to be conducted 
with it. 


annex to its new physics 


>The new building housing the Bartol 
Research Foundation’s 10-Mev Van de 


Graaff generator, built under ONR a uspt- 


ces, was recently opened at formal dedica- 
tion ceremonies at Swarthmore, Pa. 


NUCLEAR NEWSMAKERS 


James B. Conant, president of Harvard 
University, has been elected chairman 
of the National Science Board of the 
National Science Foundation. 


Arthur G. Rouse is on leave of absence 
from the physics department of St. 
University to do 


Louis research at 


Argonne National Laboratory. 


W. E. Deal, Jr., Joseph J. Devaney, 
Gaelen L. Felt and John M. Walsh have 
joined the staff of the Los Alamos 
Scientifie Laboratory. 


Kiyoshi Murakawa of the University of 
Tokyo, Japan, has received’ a one-year 
appointment from the University of 
Wisconsin to direct its atomic structuré 
research program. 


Charles M. Slack and Frank R. Bene- 
dict have been appointed to positions in 
Electric Corporation’s 
atomic power division, Pittsburgh, Pa. 
Paul A. Wilson, chief of AEC’s engi- 
neering division, will become executive 
secretary of the construction planning 


board of Los Alamos Scientifie Labora- 
(Continued on page 96) 


Westinghouse 

















PRODUCTS and MATERIALS 








SCINTILLATION COUNTER 


W.S. Macdonald Co., Inc., 33 Univer- 
sity Rd., Cambridge, Mass. Operating 
mn the coincidence basis, the type 155 
scintillation counter system consists of 
head. 
(‘ounting rates are indicated on a linear- 
meter with five 0-300, 
0 1,000, 0- 3,000, 0- 10,000, and 0-30,000 
epn Provision is made for connecting 
Detector 


thre eounter detector 


plus a 


| 
eal 


ranges: 


i recorder and a_ scaler 


heads 


photon ultipliers 


are available using 5819 or 1P21 
Sensitivities as great 
at 25 cm from 


be obtainable 


is 600 epm per pe of 1'5 


t he soturee are said to 








ALPHA SCINTILLATION COUNTER 

R-C Scientific Instrument Co., 335 
Culver Blvd., Playa del Rey, Calif. 
The model CX 14 Scintiscaler is a com- 
pletely se lf-contained alpha scintillation 
counter incorporating a counting cham- 
ber and provided with inputs for use 


90 


G-M 

Designed for continuous op- 
the 5819 
photomultiplier in the counting cham- 


with external scintillation or 
counters, 
eration, instrument uses a 
ber. Standard geometry with 1%-in. 
disks is 30%. 
adjustable feeding 
circuit with adjustable sensitivity pro- 
vide a wide latitude of input sensitivity. 
An electronic scale-of-64 and a mechan- 


A clock and 


high-voltage meter are built in. An 


Linear amplifiers with 


gain into a gate 


ical register record count. 


experimental model of this instrument 
was described in a previous issue (NU, 


Dec. ’50, 56 


RADIATION MONITOR 


General Electric Co., Electronics Park, 
Syracuse1,N.Y. The model 4SN11A2 
radiation monitor indicates total gamma 
radiation in the range of 0-30 mr. An 
ionization-chamber device, it contains 
no batteries or tubes. Charging of the 
chamber is accomplished by inverting 
the instrument; this activates a friction 
charging mechanism. A button, con- 
cealed under an indicator for previous 
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readings on top of the instrument, is 
used to set the zero 
Extreme durability is 


instrument to 
after charging 


cl 1imed 


SURVEY METER 

Victoreen Instrument Co., 5806 Hough 
Ave., Cleveland 3, Ohio. The model 
389 portable G-M indicates 
beta and gamma radiation in three 
ranges: 0—0.2, 0-2, and 0-20 mr/hr. 
A sliding shield is provided on the probe 


counter 


for discrimination between betas and 
regulated low-current 
power supply is said to eliminate instru- 
ment drift and to prolong battery life. 
The standard 1B85 counter tube can be 
replaced with any tube having the RMA 
type 1A-82 coaxial plug-in base. The 
instrument weighs 5% lb and is water- 


gammas. \ 


proof 


SAFETY TRAY 

Fisher Scientific Co., 717 Forbes St., 
Pittsburgh 19, Pa. Made of plastic 
reinforced with Fiberglas, the ‘‘Glastic”’ 
safety tray is claimed to be completely 
chemicals. De- 
signed for use under equipment when 


impervious to most 
working with radioactive substances or 
strong acids or alkalis, the tray con- 
fines spills to a small area. It is 20 in. 
long, 30 in. wide, and 11% in. deep. 
Corners are rounded. 
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PLASTIC PHOSPHORS 

Tracerlab, Inc., 130 High St., Boston 
10, Mass. 
terphenyl 
monomer, plastic phosphors for scintil- 


Essentially a solution of 


polymerized in a_ styrene 
lation counting can be molded into a 


large variety of shapes. Size is said 
Emission of the 
Pulses 


as those from 


to be no limitation. 


plastic is in the near ultraviolet. 


1 


are about }4 as large 


stilbene when the plastic is used with a 
5819 photomultiplier, but larger pulses 


1P21 or 


Pulse duration is less than 


are claimed for use with an 
1P28 tube. 
1078 sec. 


DECONTAMINANT 

Bersworth Chemical Co., Framingham, 
Mass. decontamination 
wash which, by 


Versene is a 
deactivation of metal 
ions in aqueous solutions, converts 
radioactive metals to a form which can 
be rinsed with water. It is 
claimed that the 


have the 


away 
new decontaminant 


does not strong corrosive 


action of acids usually used. 


PLASTIC PAINT 

The Varniton Co., 416 N. Varney St., 
Burbank, Calif. Varniton Plastic Paint 
is an anticorrosive coating which resists 
alkalis, 


fumes, 


concentrated inorganic acids, 
corrosive 
acids, and 


(Continued on page 94) 
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and salt solutions, 


formic and acetic acetic 











REFLECTIONS 











Water Decontamination Unit 


DEAR SIR: 


\ problem confronting civilian de- 
fense agencies is that of providing safe 
drinking-water supplies following an 
blast. <A 
tamination unit has been developed and 
tested by the Health Physics Division 
of Oak Ridge National Laboratory that 
can effectively meet this problem. 
that a 


water containing at least one microcurie 


atomic bomb water decon- 


Preliminary data indicate 
per milliliter of mixed fission products 
2 < 10° disintegrations per min _ per 
ml) can be treated in a compact and 
inexpensive unit to produce a drinking 
water with activity of less than 10~4 
ue/ml. This level of contamination is 
well below the concentration considered 
safe for 


by many authorities to be 


use under emergency conditions (107? 
Mi mil 
The unit 


exe hange 


contains anion and cation 


resins used in conjunction 


with other adsorbents that have been 
found to be specific for certain isotopes, 
such as ruthenium and cesium, which 
normally leak through the ion exchange 
resins In the initial tests, the water 
was pretreated to remove a large part of 
the calcium and magnesium naturally 
present in the water. The resulting 
floc removed approximately 80% of the 
radioactivity. Twenty gallons of the 
supernatant liquor, containing approxi- 
mately 0.2 we/ml of B radiation, were 
passed through the two-column unit 
before the activity of the effluent ex- 
ceeded 10°‘ ue/ml. More recent tests, 
not yet completed, have shown that the 
water can be passed directly through 


the unit without pretreatment, although 
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a slower flow rate may possibly be 
needed and the capacity of the unit may 
be somewhat lower. 

Recent publications have given data 
for filter units capable of removing 
radioactive materials such as iodine and 


doubtful 


if these data can be extrapolated to 


uranium from water. It is 


include all the fission products that 
would result from an atomic explosion, 
test 


most 


particularly since such isotopes 


used are perhaps those easily 


removed from water. It is believed 
that the ORNL unit is the only one 
that is effective in treating water con- 
taining a representative mixture of the 
radioisotopes resulting from the fission 
reaction (and found in water following 
an underwater atomic explosion). 
Although there is a need for a method 
that will effectively treat a highly radio- 
active water to produce a safe drinking 
water, the danger to the public from 
this source has been greatly exaggerated 
in various writings. Water supplies 
can be contaminated either by an under- 
water atomic explosion or from the fall- 
out of radioactive dusts and mists. 
Assuming that a municipal water source 
has become dangerously contaminated, 
a number of normal processes will 
greatly reduce the level of radiation. 
Immediately following the blast, radio- 
activity will diminish very rapidly due 
to the decay of short-lived isotopes. In 
addition, many of the radioisotopes 
will precipitate as radiocolloids or be 
turbidity naturally 
present in If a 


water-filtration plant is in operation, a 


adsorbed by the 
most surface waters. 
conventional coagulation, sedimentation 
and filtration treatment will reduce still 
further the quantity of radiation in the 
water. With these processes in action, 
it is dificult to visualize a circumstance 
which would result in the residual radio- 
activity in the water exceeding a safe 
level of 


the occasion should arise, it 


contamination. However, if 
will be 


(Continued on page 94) 
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Lower Priced 
On IMPROVED 
elaleia 


TGC-1: 3-4 mg/cm? 
mica end window 


than 
2 mg/cm? mica 
end window 
$47.50 


po an now 


offers the best in 

Geiger tube st, the TGC-3: mica end 
a window tube 
for X-rays 
Tilellthcelaitialile processes $87.50 
have permitted substantia 


lowest prices. Improved 


price reductions, together with 

longer life and more stable 

operation. A new construction | 

now used which consists of a thin 

Siellsl(-t. 11-1) Medelisele(smaelelilale mh fel 9) 

elaelitehe MiMi a imi aiel¢ Rel mlitome| 

envelope. This new method c Te TGC-4: 300mg /cm? 

Vig Male) Me alm las) s]eehaet Me) ol-igelilile Maslel gel all glass tube 

Terie wi ollimeltelulel (tei melimelren 9-4 $12.00 

relate! TGC 5 itl elsk Wale a) relay tosen 

scseoMir tli fe] o)( Mi lelm@ell eMac alliale MEG 

Violinist i @) Gee MiT Mel Melibelle Pa vebelelaiaile) Fe 

tube with a three pin base, and a ra 

TTaTolis Mel me O/ Manvel Mlle (tle late Bilal: j 

For further information write for B f 30 mg/cm? 
all glass tubes: 
above—TGC-5 

$14.00 


right—TGC-6 
TACETLA $10.50 
TRACERLAB INC 130 HIGH STREET, BOSTON 10, MASS 
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Reflections (Continued from page 92) produce sufficient quantities of water 
for drinking purposes until the emer- 





possible with the decontamination unit gency has passed. 
described above, and tested with the R. A. LaupEeRDALE and A. H. Emmons 
mixture of radioisotopes that are pres- Health Physics Division 


t) Oak Ridge National Laboratory 
ent following an atomic. explosion, to Oak Ridge, Tennessee 
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anhydride. It consists of inert thermo- retention force for locking. Connec- 
plastic polymers and suitable pigments tion is made in last 4 in. of travel. 
in organic solvents and can be applied 


cold by brush or dipping to wood, com- IMPROVED “CUTIE PIE" 

position board, asbestos board, cement, 

brick, soapstone, and metals. One The Kelley-Koett Instrument Co., 212 
gallon covers 350-375 ft?. Plastic strip W. 4th St., Covington, Ky. The model 
coating is also available for protect- K-352 is an improved version of the 
“‘Cutie Pie’? survey meter. An ioniza- 
tion chamber instrument, it has full- 
scale ranges of 50, 500, and 5,000 mr/hr 


Ing painted surfaces against organic 


solvents 


for gamma rays. 


BRAZING ALLOY 
Wall Colmonoy Corp., 19345 John RSt., PLANS EXPANSION 


Detroit 3, Mich. Nicrobraz brazing : 
“age . Tracerlab, Inc., 130 High St., Boston 10, 
alloy can be used to join 300 and 400 a 
Mass., has contracted to buy a 17-acre 


series stainless steel, Inconel, S-590, : 

f ‘ y site in West Concord, Mass. 
Monel, alloy steels, tool steels, carbon building ite in ‘ oncord, Ass 
teels, and special staink all Iti The company plans to house engineer- 
SLECIS, ANG S ‘Cli SU ‘SS SLCCIS. Ss = . 
laimed that the tensile strength of a ing and manufacturing operations and 
cin ie iH >| *Ti} a 3 i . : . 
butt-brased high-staink pecimen is part of its radiochemical work in a new 
) raze igh-sta ‘SS spec 7 s 


about 90% of parent-metal strength at 
room temperature, 99.8% at 2000° F. 
Resistant to heat and corrosion, the 


building there. In announcing the 
move, William E. Barbour, Jr., presi- 
dent, mentioned that Tracerlab  in- 
. stalled 25 industrial beta-ray thickness 
product is available in one-pound , 


rages in December. 
containers Bug 


LITERATURE AVAILABLE 


HV DISCONNECT 
Storage batteries. Brochure details 


Alden Products Co., 117 N. Main St., physical and electrical characteristics 
Brockton 64, Mass. Designed to oper- of «Silvercel” silver-zine _ batteries 
ate at 15,000 volts d-c, the model 
SIOIM-F high-voltage disconnect will 
earry 15 amp. Injection molded from 


which are smaller and lighter than con- 
ventional batteries. Yardney Electric 


: Corp., 105 Chambers St., New York 7, 
polyethylene, the female sleeve and N.Y 


male plug form a dust-tight seal. The 

long female sleeve prohibits flashover Hard Metal Castings. Applications of 
up to 31,000 volts. Click action of wear-resistant alloy castings are cited. 
female clip on male plug provides Stoody Co., Whittier, Calif. 
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We have— 


GEIGER 


COUNTER TUBES 


FOR 
ALPHA, BETA, GAMMA AND X-RAY DIFFRACTION 


Also 


SPECIAL TUBES FOR MEDICAL RESEARCH & FOR MINERAL- 
OGICAL WORK WITH POWDERED OR LIQUID SAMPLES 


Prices according to 
type from U.S.A. 
$6 upwards includ- 
ing packing and post- 
age. 





Example of our auto- 
matically recorded 
chart which accom- 
panies each _ tube 
showing its perform- 
ance under test be- 
fore despatch. 


N. R. D. have for many years been suppliers to Government Depart- 
ments, Universities, Hospitals and Industrial Research Organizations. 


Details of other Geiger Counter equipment available on request. 


NUCLEONIC & RADIOLOGICAL DEVELOPMENTS 


LIMITED 
77 KING'S ROAD, LONDON S.W.3. ENGLAND (Cables: «enarve,”’ LONDON ) 
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Nucleonic Events (Continued fro 


mp. &0 





tory He succeeds David W. Persons 
who takes up new duties with the new 
re gional operations division of the office 


/ 


of engineering and construction 


Joseph Volpe, Jr., last month resigned 
as general counsel of the AEC to return 
He had been inti- 
with the United 
States atomic energy project since 1944. 


to private practice. 


mately associated 


Charles Sanborn Barrett of the Insti- 
tute for the Study of Metals, University 
of Chicago, was awarded the 1950 
Francis F, Clamer Medal of the Frank- 
lin Institute. 


J. D. Anderson has moved up from 
issistant manager to manager of AEC’s 
operations office in Schenectady, N. Y. 
Max A, Bredig has been 
director of the chem- 
division of Oak National 
Laboratory. 


appointed 
an associate 


istry Ridge 


Isador Rabi, Columbia University pro- 
fessor and Nobel Prize winner in phys- 
ies in 1944, attended the presentation 
Nobel awards in Stock- 


where he 


of this year’s 


holm, read a paper on the 
‘Molecular Beam Magnetic Resonance 
Method for Measuring Nuclear Mag- 
netic Moments.”’ Brought up to date 
by the inclusion of new data, this paper 
is based on the scientific discovery that 
won Dr. Rabi the 1944 award. 
to have delivered this paper at the pre- 
1944, but be- 
make the 


He was 


sentation ceremonies in 
cause of the war, could not 
trip to Stockholm. 


C. Lilliendahl has 


advisory 


William 


pointed 


been ap- 
research engineer 
for the Westinghouse Lamp Division, 
Bloomfield, N. J. He will direct the 
metals section of the research depart- 
ment. His role in helping Westing- 
house supply pure uranium for the first 
atomic pile in Chicago won him a War 
Department citation in 1946 
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NECROLOGY 

Eugene Gardner (November 26, 1950). 
Physicist at the Cali- 
fornia. Dr. with C. M. G. 
Lattes, is credited with the first artificial 


University of 
Gardner, 


production of mesons with the uni- 
versity’s cyclotron. The cause of his 
death was diagnosed as berylliosis, con- 
tracted during the years from 1941 to 
1943 when he was working on uranium 
tadiation 


isotope separation at the 


Laboratory of the university. 
Carol Gray Montgomery (December 3 
1950). Physicist 


cosmic-ray research, 


’ 
specialist in 
Dr. Montgomery 
established the Yale Cosmic 
tion at 


and 


tay Sta- 
Climax, Colorado, and was a 
pioneer in the development of radar at 
the MIT radiation laboratory during 
the last He edited five of the 
volumes published on wartime work at 
At the time 
of his death, he was an associate pro- 


war. 
the radiation laboratory. 


fessor of physics at Yale University. 


MEETINGS 


Symposium on Radioisotopes, all-day 
sponsored by New York Section of American 
Hotel Statler, New York, 


session 
Chemical Society 
N. Y., Jan. 19 


Institute of Electrical Engineers, 


New York, N. Y., Jan 


American 
Winter Meeting 


2 65 


American Physical Society, Annual Meeting 


Columbia University, New York, N. Y., 


Feh. 1-3 
American 
Nuclear 


Section 


Me ‘ hanical 

Energy Division of Metropolitan 

New York, N. Y., Feb. 20 

American Mathematical Society, 466th Meet- 
ing—New York, N. Y., Feb. 24 

Pittsburgh Conference on Analytical Chemistry 
and Applied Spectroscopy—William Penn 
Hotel, Pittsburgh, Pa., Mar. 5-7 

American Physical Society—Pittsburgh, Pa. 
Mar. 8-10 

National Association of Corrosion Engineers, 
Annual Meeting—Hotel Statler, New York, 
Mar. 13-17 

Institute of Radio Engineers, National Con- 
Waldorf Astoria Hotel, New York, 

March 19-22 


Society of Engineers, 


vention 
ie 

American Chemical Society, 119th National 
Meeting—divided, Boston, Mass., Apr. 1-5; 
Cleveland, Ohio, Apr. 8-12 
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Se eo eee 


* TWO-MILLION-VOLT 


Va re de Graatt ELECTRON ACCELERATOR 


radiation research 
and 

Se a | 

foods and drugs [iss 


TYPE A MODEL § 

This self-contained, self supported unit is a reliable, con- 
trollable source of high-energy radiation for scientific research 
and industrial applications. 

Desirable versatility results from the retractable, water- 
cooled, gold target which can be inserted in the electron beam 
to produce x-rays. The target can be adjusted without affecting 
tube vacuum, and change from cathode-ray to x-ray utilization 
takes but a few minutes. 

The electron beam may be easily brought to a focal spot 
of 0.5 mm., providing a high concentration of power on target 
materials. 

More data on this versatile Van de Graaff accelerator, will 
be found in our Bulletin A-S. For detailed information on 
applications, we suggest consultation with an H.v.E.c. engineer. 


Hic VoitaGe ENGINEERING CORPORATION 


7 UNIVERSITY ROAD CAMBRIDGE 38, MASSACHUSETTS — 
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| MACDONALD 
_ SCINTILLATION 
COUNTING 


SYSTEM 
TYPE 


155 


Includes: For: 
Count Ratemeter Highest Sensitivity 
Complete Voltage Regulation Low-Reliable Background 
Complete Coincidence Circuitry Tracer Chemistry 
For Either 1P21 or 5819 PM Tubes Medical Research 
ec as X-ray Monitoring 
Sensitivity: Aerial Monitoring 
to 0.001 microcuries 1” 


WE INVITE DISCUSSION OF PARTICULAR PROBLEMS IN RADIATION DETECTION 


W. S. MACDONALD CO., INC. ixassacuuserss 


@ REGULATION ACCURACY 
@ Sorensen ECONOMY 


BEAT THOSE COMBINATIONS IF YOU CAN! 


The NEW LINE of SORENSEN 
ELECTRONIC VOLTAGE REGULATORS 


give you the most for your 
money. 
No need to buy extras — no 
need to buy more than you 
require! 











* Regulction Accuracy: + 0.1% against line or load 
* Maximum distortion: 2% or 3% 


* Frequency Insensitivity: 50 — 60 cycles + 10% STANDARD AC REGULA- 


TORS from 150 VA— 
SPECIAL ADAPTATIONS using the Sorensen Circuit I5KVA Single phase to 
can be designed to meet your requirements. 45 KVA three phase for 


115 or 230 volt opera- 
eee 


tion. 
STANDARD NOBATRONS 


orensen 
—125 VDC from 5 To 


um ond Company, Inc. 100 amperes. 
375 FAIRFIELD AVE., STAMFORD, CONN. 
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NOW 


You can afford; 


: 
High Vacuum 
Furnace 


ne ONE 


Versatile Unit lets 
you melt, pour, 


heat treat, degas 





FEATURES — 


@ Ultimate vacuum of less than 
5x 105mm. Hg 


s now available a single 
s away with the need 
pment for each phase 

high-temperature 
lest price, it @ Temperature controllable 
within ¢ 5° € 


@ Working temperatures up to 
2000° ¢ 
i ts me 


eb most 


iget of 
Hot zone reaches temperature 
within one minute 


ou can me Ic ' 
: No refractories used in hot zone 
our — add to 


hot 


te mpe ratures 


I 


‘ 1° purifying type diffusion pump in 
OK mto the 


sures high capacity for out-gassing 

. Unilizes single turn low voltage re- 
atmospheres sistance element of either tungsten 
Itsa complete, or molybdenum 8" x 2%" dia 


lled 


e of hand) 





ing the 





tallurgical research 
i proce 








Constant temperature zone 

6" x 2%" dia 

Power supplied directly from mains 
to specially-designed variable auto 
transformer which is ao integral 
part of unit 

Exther manual of automatic temper 
ature control or both 


Thermocouple vacuum gage is 
standard equipment. Other gages 
are available 

Furnished complete with vacuum 
system, controls and gages includ- 
ing ammeter, volt-meter and tem- 
perature indicator 








eGY » DEMYORATION - DISTHALATION 


ATING » APPLIED PHYSICS 





— te 
OLVEL OPMENT Zi weran 
an tourretet = 


National Research Corporation 


Seventy Memorial Drive, Cambridge, Massachusetts 


m SRTISH AMERICAN SESEAR 








PACKAGED Functional Electronics 


“SERV e) 
amplifiers 
a Meche propuct 


TIME AND NUMBERS 


RECORDING 
TIMERS 
COUNTERS 


Specially designed to fit your 
needs. 


Write for new 
illustrated cir- 
cular S C 24. 





60 cycle — 400 cycle; 
open or hermetically 
sealed construction 








SCALES WEIGHT RECORDERS Hi- SPEED COUNTERS 


STREETER - AMET COMPANY 


4101 N RAVENSWOOD AVE CHICAGO 13 iL 





Servomechanisms, Inc. offers 


a group of functionally 





packaged Servo Amplifiers 


and companion Power Supplies 
designed to fulfill every need 
in the control and instrument 
field providing the system 
designer with a facility 

of proven dependability 

and maximum 


performance. 


Plug-in for ease 
of installation 


Old Country & Glen Cove Roads, Mineola, N. Y. 
Imperial Hway. & Sepulveda Bivd., Los Angeles, Calif 


U.S.L SOUND POWERED 


assures dependable 
communication 








SAVE TIME . 
DON’T WALK 
TALK! 


Become familiar with the advan- 
tages of the U.S.I. Sound Powered 
telephones and systems for indus- 
trial communication. 


Write for catalog. Dept. T 


CuT COSTS... 
INCREASE YOUR EFFICIENCY 














100 


GNITED STATES INSTRUMENT CORPORATION 
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MARION RUGGEDIZED METERS 


This amazing new family of Marion ruggedized electrical indicat- 
ing instruments sets new standards of quality and accuracy ia 
electrical measurement. Marion ‘“Ruggedized"’ instruments give 
better performance in any application. Use them with confidence 
even where you never before dared use “delicate instruments.” 
They exceed all JAN-1-6 requirements, are hermetically sealed 
and completely interchangeable with existing JAN 214” and 
342” types. 


Marion Ru ized instruments perform perfectly under critical 
conditions of shock, vibration, mechanical! stress and 

strain. Hermetic sealing makes them impervious to 

weather and climate. 


When you want the best in meters for any application 


ad 


—from bulldozers to Geiger Counters—insist on & 
Marion, the name that means the most in meters. R 


Send for our booklet on Marion Ru ized Instru- 
ments. Marion Electrical Instrument mpany, 414 
Canal Street, Manchester, New Hampshire. 


MARION MEANS THE MOST IN METERS 


Manufacturers of bermetically sealed meters since 1944 





Trademork 
@ 1950 Marion 





SCOPE DOLLY-Model 1 


Convenient Height and Viewing Angle 
Adjustable to Hold Portable Scopes 
Ball Bearing Swivel Rubber Tired Casters 
Lightweight Aluminum Construction 
Recommended by Laboratories Wherever Used 


Postpaid in continental U.S.A. 
$27.00 if cash accompanies order. 


Ferry Ave. at 12 St. 
Camden 1, N.J. 
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BIOLOGICAL STUDIES 
WITH POLONIUM 
RADIUM, AND PLUTONIUM 


1. Includes 


retention 


a critical survey of the literature con 


ning distribute and toxicity of 





idjum, polonium 


and shatuaih um and descriptic | 
idies of these 


alpha parti le emitters under | 





ser Gorter steers 
wits eo1oniue 
scum sue MeTOmue 


Edited by R. eM. “Fink. in| 
Nati. Nuclear Energy Series | 
$3.75 





HIGH SPEED 
COMPUTING DEVICES 


2. A practical manual giving various mathematical 
methods and physical mechanisms developed for 
use im automatic computation Familiarizes you| 


outiines 


arithmetic techniques 

employed in their operation 

und= = describes basic circuits 

rlorm various iGH-S 

puting machine functions 

Edited by W. W. Stifler, Jr, 

Engineering Research Asso- 
cam 


th general character of computing machines 
used to pe com- 
ciates, Inc. $6.50 





THE EFFECTS OF 
ATOMIC WEAPONS 


Timely survey presenting the results to be ex- 
pected from the detonation of atomic weapons. 
Gives the technically interested person an under- 
tanding of the effects of this enormous energy 

release when used as a weapon of 
war, as basis« f levelopment and | 
administration of protective mea 
ires for personnel and property 
Gives principles of atomic explo 
on, and discusses damage from 
air = ground and underwater 
le« girencegarascese oO et 


Effects of E , . pare onnel 


¥y Tr this nm 
7 ‘a Deot of Defense 


$3.00 


and 
e 
5 rn), VI IC | 


SEE THESE BOOKS 10 DAYS FREE 


U nécGraw-Hilt Book Co., 
N. 41st St., 


| $27 V 
eet me t 





Inc., 
New York 18 | 
€ - mding to numbers encircled 
ion on approval. In lOdays I 
few cents for delivery 
We pay for de 
same return | 


tpaid 
coupon 


This offer applies to U. S. o athe, 


ee a 
A New Organic Phosphor Crystal 


— mers a0 MW M4 —— 


=(PILOT SCINTILLATOR #3)= 


FY 


A modified terphenyl crystal, its 
counting efficiency compares 
favorably with other organic 
crystal phosphors. 








e 
Get the most from your scintil- 
lation counter by using a large 
crystal of sensitive PILOT SCIN- 
TILLATOR +3. 


e 
Large sizes regularly stocked. 


e 
Counts more at lower cost. 
Send for Data Sheet. 


PILOT CHEMICALS, INC. 


47 Felton St. Waltham 54, Mass. 
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COUNTING 
RATE 
COMPUTER 


gives you these important advantages: 


1. Virtually instantaneous rate of response 


2. Permanent printed record of counting rate 


Fe Operates from either binary or decade scaler 


BRIEF SPECIFICATIONS 


Designed specifically for tracer applications 
requiring faithful response to rapid changes 
in counting rate, the Model 1600 will operate 
from any scaler that can be made to provide 
successive output pulses after accumulation 
of predetermined count. Computer then con- 
verts elapsed time between successive out- 
put pulses into average counting rate. Count- 


ing rate can be read directly on visible 
meter of computer. 

Choice of three recording rate ranges, in 
combination with proper scaling factors, 
permits selection of conditions for optimum 
statistical accuracy. 

When designated as Model 1600A the unit 
includes standard recorder which provides 
permanent trace of counting rate. 


FOR COMPLETE SPECIFICATIONS AND OPERATING DATA PLEASE WRITE FOR 


BULLETIN 1600 N 








MOVING? 


If you are going to move, please let us know three weeks beforehand if 
possible. If you wait until later to notify us, some issues may miss you. 
And, unfortunately, copies are so scarce that back numbers cannot be 


duplicated. 


Send your change of address to Nucleonics, 330 West 42nd Street, New 
York 18, N. Y., giving both your old and new addresses. Please furnish a 
clipping of the stenciled tabel from; the cover of one of your recent issues, 
or otherwise indicate exactly how your magazines have been addressed. 

Don't forget to tell your postmaster, too! 
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CORRECTION 


Re: AMPLIFIERS, Audio Frequency 
AMPLIFIERS, d-c 
AMPLIFIERS, Wideband 
CONTROLS, Counting & Sorting 
CONTROLS, Remote 
CONTROLS, Servo 
CONTROLS, Temperature 
GENERATORS, Signal Servoscope 
INDICATORS, Temperature 
INSTRUMENTS, Graphic Recording 
MACHINES, Electronic Computing 
PHOTOMICROGRAPHIC EQUIPMENT 
PYROMETERS 


Your attention is called to the 
omission in the above listings of 
the following 


SERVO CORPORATION OF AMERICA 


20-20 Jericho Turnpike 
New Hyde Park, N. Y. 


in the November 1950 BUYERS’ GUIDE 


See this company’s advertisement 
on page 110 of the November issue. 








PROFESSIONAL SERVICES 














ATOMLAB 


Comprehensive'y sereing The Nuclear Laboratory 
RADIATION DETECTION 
AND MEASURING INSTRUMENTS 
(Catalog on Request) 

Uranium metal Mass Spectrometers 
and compounds 

Rare Earths High Vacuum Systems 
Laboratory: Center Moriches, Long Island, N, ¥ 
Sales offices: 48 Fifth Ave., New York 17, N. Y. 








NUCLEAR RESEARCH 
CORPORATION 
Consulting Nuclear Physicists 


112 S. 16th St., Phila. 2, Pa. 
LOcust 7-0342 








Servicing Nuclear and Electronic Equipment 
in The New York City Area 
INQUIRIES FROM MANUFACTURERS AND 
LABORATORIES INVITED 
Videoservice division of Video Television Inc 


37-01 Vernon Bivd., Long Island City 1, N.Y 























SEARCHLIGHT SECTION 

















NUCLEAR PHYSICISTS 
ELECTRONIC ENGINEERS 


Senior staff positions are now available in laboratory with an ex- 
panding nuclear and electronics research program. Opportunities 
exist for basic and applied research in these fields. If interested 
please send resume. Interviews may be arranged in Boston, New 


York, Washington, and Chicago. 


Bendix Aviation Corporation Research Laboratories 
4855 Fourth Avenue, Detroit 1, Michigan 
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ELECTRONIC EQUIPMENT «+ PARTS 
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Tour mio 
wert weet 
Peon 


Wilke ea? 


re pa CANAL ST NF 








New Advertisements 


received by January 24th will appear in the 
February issue, subject to space limitations. 


Classified Advertising Division 
NUCLEONICS 
330 W. 42nd St., New York 
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QUANTITY PRICES AVAILABLE 
UPON FIRM INQUIRIES 


Keleket has designed and developed 
the majority of military radiological 
instruments in use today . . . and now is 
first again with the R-gun, an Alpha- 
Beta-Gamma Survey Meter designed 
specifically for civil defense radiological 
monitoring. Immersion proof. Minimum 
battery life 500 hours. Wide range, 
0.005 to 500 roentgens per hour. Read 
meter on instrument to obtain radi- 
ation rate prevalent in contaminated 


area. Size: 5” x 6” x 1%”. Weight: 14 oz. isto 


AEC No. XSIC-34A (excluding 
holster and spare parts kit). A/N 
No. IM-64 ( )/PD 





Other Keleket INSTRUMENTS for Radiation 
Exposure Measurements 

1, MODELS K-352, K-350, K-351, K-360. To determine radi- 

ation levels of contaminated areas. For fire-fighting, rescue work 

and police activities. 

2. MODELS K-700, K-111, and K-180. To determine personnel 

accumulated radiati exposure measurements. For use by 

medical personnel for symptomatic treatment. 

3. MODELS K-900, K-281. To determine radioactive con- 

tamination of water supplies, food stuffs, atmosphere, etc. 





Write for literature on KELEKET instruments 
For Nuclear Instruments—Depend on the Best 


The KELLEY-KOETT INSTRUMENT Co. 
936-1 York St. Cincinnati 14, Ohio 


Leading Manufacturer of Instruments for the Atomic Age 

















for All Scaling Jobs RESEARCH OR, ROUTINE 


“the Ultra-Scaler” 


MODEL 172 


@ Geiger or Proportional “Count-O-Matic” Counting 


@ Use with all types of detectors 
@ Built-in dual timer 
@ Built-in linear amplifier 


@ Dual high-voltage supply 


@ Dual oscilloscope terminal sets (viewing with or 
without scaler in operation) 


You can count automatically or manually, predeter 
mined time or predetermined number of counts, 
with the NUCLEAR “Ulecra-Scaler.” Scaling factors 
are 8, 16, 32,64, or 128; and can be muluplied by 
10, 100, or 1,000 times. Linear amplifier has a max- 
imum sensitivity of 1 millivole and flat frequency 


response from 10,000 cycles to 1.5 megacycles. 

These are only a few of the many features which 
make the “Uletra-Scaler” the most versatile scaling 
unit available. Full details on the “Ultra-Scaler” 
are contained in NUCLEAR Catalog K. Write 
for it today 


for High Adaptability in RESEARCH PROGRAMS 
MODEL 162 


@ Geiger or proportional counting 


@ Fast scaling for low resolution loss 


@ Linear amplifier 
@ Pulse height control 
@ Attenuation ratio control 


NUCLEAR Model 162 Scaler is highly adaptable 
for use wherever research programs may require 
geiger and proportional counting; and where the 
program may develop scaling requirements not 
now foreseen. Adding matched NUCLEAR units 


to the Model 162, such as timer or impulse regis- 
ter, even further expand its usefulness. Features 
of the Model 162 and matching NUCLEAR acces- 
sories are included in Catalog K. Your copy will 
be sent promptly, without obligation. 


nuclear INSTRUMENT & CHEMICAL CORPORATION 
235 West Erie Street » Chicago 10, Illinois « Cable Address: ‘Nuclear’ 


@ Scaling Units for Every Type of Radiation Counting 


@ Compiete “Pockaged” Counting Systems 


@ Health Monitoring instruments for Personnel Protection 


nuclear “PRECISION INSTRUMENTATON 


© Giess Wall, Mica Window, ond Windewless Counters 
@ Portabie Count Rate Meters 
@ Complete Line of A ies f 


a woe 





FOR NUCLEAR MEASUREMENTS” 





